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2,4-D & 2,4,5-T: 24-—D Amine 
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METHOXONE: Contains MCP so 


dium salt. Used for control in small 
grains, flax, rice and grass. Controls 
same weeds as 2,4-D; considered 
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4—(2,4-DB). For selective control of 
many broadleaf weeds in established 
alfalfa and certain other legumes. 
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——— in a full range of interchange- 
able orifice tip and strainer sizes to 
meet every capacity requirement. Tee- 
Jet Spray Nozzles for Weed Control by 
spraying make it possible to take max- 
imum advantage of the chemical and 
sprayer unit. TeeJet nozzles are pre- 
cision built and provide a flat spray 
with uniform distribution. Atomization 
is properly controlled to give coverage 
with an absolute minimum of driftage. 
Patented tip design, with set-back 
orifice opening protects precision orifice 
from accidental damage. TeeJet spray 
nozzles are built for use on spray booms 
and portable sprayers. 


OFF-CENTER SPRAY NOZZLES 


Spraying Systems Spray Nozzles with TeeJet 
tips are supplied in a variety of special body 
types to meet any unusual spraying require- 
ment. For example, one type of off-center 
spray nozzle with swivel body provides a flat 
spray up to 35 feet wide for spraying areas 
with a single nozzle, that are not accessible 
with a boom. 


SUPPLEMENTARY EQUIPMENT 


Complete accessories relating to nozzle use are sup- 
plied. These include strainers, special nozzle fittings, 


aud hand valve equipment. 


TeeJet Spray Nozzles are supplied for Weed Control. . 
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effective 
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and drainage ditches; and industrial areas. 

KLOBEN® neburon for weed and grass control in nursery plant 
ings and tomatoes. 


DYBAR® fenuron—a pelleted product for dry application to the 
soil for control of brush in fence rows, drainage ditches, utility 
and railroad right-of-ways, and other non-cultivated areas. 


TRYSBEN® 200, a new weed killer based on trichlorobenzoic 
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1. UREABOR® 


A nonselective, granular complex 
of sodium borate and substituted 
urea. Low application rates are a 
feature. Apply with the special new 
PCB Spreader for best results. 


i Wenees 2. BENZABOR® 


A blend of trichlorobenzoic acid 
easy and sodium borates. Kills deep- 
rooted, noxious weeds. Low appli- 
wavs to cation rates give maximum control 
oe with the utmost economy; use the 
convenient PCB Spreader. 


3. POLYBOR-CHLORATE® 


Highly soluble; for spray or dry 
application. It gives a quick knock- 
down; destroys top growth and roots. 
A general nonselective herbicide. 


4. Concentrated BORASCU® 


A nonselective, granular material. 
Apply by hand or with a mechanical 
spreader. Long residual action. 
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& CHEMICAL CORPORATION 
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= NEWS ABOUT 
J VAPAM’= 


New Application Technique 
Suggested for Some Crops 


VAPAM dosage may be reduced in many cases up to 50% with 
equal or better results if the treated area is covered with a plastic, 
paper or fabric tarp. The cover should be loosely spread over the 
treated area immediately after application, and left on for 24 to 
48 hours for best results. The amount of water used to drench 
VAPAM into the soil may be reduced. When a tarp is used, it may 
be possible to prepare the seedbed just before applying VAPAM 
if soil moisture is adequate. Do not apply VAPAM to dry soils. 





< 





Careful Soil Preparation a Must 


Wide-scale use of VAPAM continues to demonstrate the impor- 
tance of careful soil preparation. Careful cultivation of the area 
to be treated should be done a week before application when no 
cover is used. All clods should be broken up, and soil should be 
loosened deeply. The soil should then be kept moist until time of 
treatment. If the soil becomes crusted, it should be cultivated 
lightly just before application of VAPAM. Experience has shown 
that proper soil preparation is the most important step in applying 
VAPAM. Soil temperature must be between 60°-90°F. at a 3-inch 


depth. 

Dosage Recommendations Now More Detailed 
Dosage recommendations have been made more explicit on the 
label. Potting and top-dressing soil treatments have been added. 

Copy of New Label Available 
Write to Stauffer for a copy of the new label, or for further information 
on VAPAM. Address your inquiry to Stauffer Chemical Company, 
Agricultural Chemicals Division, 380 Madison Avenue, New York 17, 
N. Y., or 636 California Street, San 
Francisco 8, Calif. 
®VAPAM is Stauffer Chemical Company's 
trade-mark (registered in principal countries) SINCE 1868S 


for sodium methyl dithiocarbamate, a soil 
fumigant. 
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The Effect of 2,4-D on Germination of Pigweed Seed’ 


M. RoyAs-GARCIDUENAS and THoR KOMMEDAHL? 
INTRODUCTION 


— use of 2,4—-dichlorophenoxyacetic acid (2,4—D) to control 
annual weeds such as pigweed (Amaranthus retroflexus L.) is 
common. Abundant evidence has been published to show that 2,4—D 
affects germination and subsequent seedling development. Allard 
et al. (1) found that 2,4—D delayed germination and caused abnor- 
malities in seedlings cf 22 broadleaf and cereal species. Elongation of 
radicles was inhibited in mustard seedlings (7) and in both non- 
dormant and embryo-dormant seeds (4) as well as in seeds with 
impermeable seed coats (4). Germination can not only be delayed 
but can be inhibited (4, 5, 6), although at low concentrations of 
2,4-D germination may be accelerated (6). Leachates produced by 
rainfall coming in contact with 2,4—D in soil were deleterious to 
seeds of flax and corn (2). To explore further the effects of 2,4—D 
on seeds, germination tests were made with scarified and nonscari- 
fied seeds of pigweed and on the effect on yield and germination of 
seeds harvested from pigweed plants that were sprayed with sub- 
lethal doses of 2,4—D in field plots. 


MATERIALS AND METHODS 


Because of low germination, pigweed seeds were first scarified in 
concentrated H,SO, prior to broadcasting them in field plots, 7 x 7 
ft. Forty-five days after sowing, the terminal flowers began to bloom, 
and at this time plants in each of 3 field plots were sprayed with an 
alkanolamine salt of 2,4—D at the rate of | Ib/A. 

Seeds were harvested from 5 plants from each of 3 treated plots 
plus the controls and stored dry for 10 days and weighed. Tests for 
germination were made at 15 days and again at 5 months after 
harvest, and were made in quadruplicate (100 seeds per replicate) 
on moist filter paper in Petri plates at about 25° C under alternate 
light and darkness. Continuous light was not used as preliminary 


‘Paper No. 3871, Scientific Journal Series, Minnesota Agricultural Experiment 
Station, St. Paul, Minnesota. 

*Former Graduate Student, and Associate Professor, respectively, Department 
of Plant Pathology and Botany, University of Minnesota, Institute of Agriculture, 
St. Paul, Minnesota. 
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tests showed a statistically significant reduction in percentage ger- 
mination under continuous Ulumination compared to either con- 
tinuous darkness or alternate light and darkness (8). Seed used to 
test the effect of 2,4—-D on germination was from about 3 months old 
(Tables 1 and 2) to 8 months old (Table 3), and data were obtained 
on 100 or 200 seeds per treatment. 


Table 1. Germination of pigweed seeds scarified with H.SO, and immersed in an 
alkanolamine salt of 2,4—D at different concentrations for different periods of 
time compared with a nonscarified control. 


Hours of immersion Per cent germination after immersion in 2,4-D at indicated 


ppm 

2,4-D Water 0 5 25 50 500 
0 | 30 41 

1 29 4k 46 50 46 

5 25 3 3 1 1 

20 10 4 1 2 1 

30 0 3 3 0 0 


Table 2. Germination of nonscarified pigweed seeds immersed in an alkanola- 
mine salt of 2,4—-D at different concentrations for different periods of time 





Per cent germination after immersion in ?,4-D at 


Hours of immersion 
indicated ppm 


2,4-D Water 0 5 25 50 500 
0 30 42 

1 29 45 68 68 48 

5 25 60 60 70 46 

20 10 68 58 47 33 

30 0 65 55 36 29 


RESULTS AND DuisCUssION 
Effect of 2,4-D on yield and germination of seed from sprayed plants. 

Symptoms of epinasty from 2,4—D application were apparent | to 
3 days after treatment. Also sprayed plants grew faster than the con- 
trols. At 5 to 15 days, leaves and stems became chlorotic and necrotic 
and purple pigmentation was visible on stems. The terminal flowers 
wilted and axillary flowers developed slowly. At 10 to 15 days after 
spraying necrosis was extensive on stems, cracks developed on apical 
parts of stems, and except for branches at the base of the stem, plants 
appeared to be dead. Finally, after 4 to 5 weeks the basal branches 
produced new branches and leaves, then developed axillary and 
terminal flowers which set seed. Regrowth occurred only at basal 
portions of stems. 

Seed was harvested from sprayed and unsprayed plants, and the 
weight per 1000 seeds was 0.31 gm for sprayed and 0.32 gm for 
unsprayed plants. However the average yield per plant for 5 plants 
in each of 3 sprayed plots was 11 gm (34,000 seeds/plant) compared 
to 24 gm (75,000 seeds / plant) for the unsprayed plants. These figures 
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for unsprayed plants are based on high plant densities and are lower 
than those reported by Stevens (9); however, his figures are based on 
well developed plants growing at low plant densities. 

‘Tests for germination in Petri plates were made from seed of both 
sprayed and unsprayed plants. Tested 15 days after harvest, seed 
from unsprayed plants germinated 2 per cent and seed from sprayed 
plants germinated 11 per cent; the LSD value at | per cent was 4. 
Tested 5 months after harvest, seed from unsprayed plants germi- 
nated 10 per cent and seed from sprayed plants germinated 50 per 
cent; the LSD value at | per cent was 23. There is apparent also a 
5-fold increase in germination from the first to the second time that 
germination tests were made. Barton (3) has shown that the per- 
centage germination of pigweed seed increases with age. 


Effect on germination of seeds treated with 2,4-D. 

It is known that hard seed coats protect the seed from the effects 
of 2,4—D in some species (4). To determine whether this was true 
with pigweed, seeds were scarified with sulfuric acid prior to treat- 
ment with 2,4—-D. Sulfuric acid alone increased significantly the 
germination of pigweed seeds even when the seeds were stored dry 
for 1 day after acid treatment, but when the seeds were stored dry 
from 3 to 10 days after treatment with the acid the percentage 
germination was not significantly different from that of nontreated 
seeds. Forty-five per cent of the seed treated with sulfuric acid 
germinated within 24 hours and 18 per cent of nontreated seed 
germinated. 

To study the action of 2,4—-D on the percentage germination of 
scarified seeds, seeds were treated with sulfuric acid and then 
immersed in different concentrations of 2,4—D for different times. 
After immersion they were rinsed in tap water for 15 minutes and 
allowed to germinate. One hundred seeds not treated with acid nor 
with 2,4-D were used as controls. All seeds were immersed for 50 
hours in liquid, either 2,4-D or water, before being placed in 
Petri plates. The results are shown in Table 1. The 2,4—D inhibited 
germination except when the seeds were immersed for only | hour 
in the herbicide prior to germination in Petri plates. However there 
were no differences between concentrations of 2,4—D in their effects 
on percentage germination. 

Both concentration and exposure time affected the reaction of 
nonscarified seed (Table 2). The percentage germination of such 
seed was increased by soaking 5 to 30 hours in 5 ppm solution of 
2,4-D. One to 5 hours in concentrations of 25 to 50 ppm also 
increased percentage germination, but exposures of 20 to 30 hours 
at 500 ppm resulted in less germination than the control. 

This effect was found also in an experiment with two concen- 
trations, 5 and 500 ppm, at | to 30 hours of immersion, using 
nonscarified seed (Table 3). There were two controls, one in water 
and one on moist filter paper. Of the seeds germinated in water 
about one fourth sank and the remainder floated. However, no 
(lifference in the germination of sunken and floating seeds was 
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Table 3. Germination of pigweed seeds in water after treatment with two concen- 
trations of the alkanolamine salt of 2,4-D for different periods of time. 


Hours of immersion Germination 
Ppm of 2,4-D . - per cent* 
2.4-D Water 
Ob 0 30 66.5 
Oe | 0 30 64.5 
5 | 1 29 61.0 
5 5 25 71.5 
5 20 10 82.0 
5 30 0 80.0 
500 1 29 66.5 
500 5 25 66.5 
500 20 19 55.5 
500 30 0 52.5 


LSD at 5 per cent level 
LSD at 1 per cent level 


ie! 





*Based on 200 seeds per treatment. 
>Control: germination in water. 
«Control: germination on filter paper. 


observed. There were no significant differences between the con- 
trols and the I-hour treatment with 2,4—D, regardless of concen- 
tration. Also, there was no significant difference between the seeds 
germinated in water and those germinated on filter paper. The treat- 
ments with 5 ppm for 20 to 30 hours increased significantly the per- 
centage germination; however, treatments with 500 ppm for 20 to 
30 hours decreased it significantly. 


SUMMARY 

Fifteen days after harvest of seed from pigweed plants sprayed in 
the field with an alkanolamine salt of 2,4-D (1 Ib/A), seed germi- 
nated 11 per cent while seed harvested from unsprayed plants 
germinated 2 per cent. Five months after harvest, 50 per cent of 
the seed from sprayed plants germinated while 10 per cent of the 
seed from unsprayed plants germinated. Unsprayed plants yielded 
24 gm of seed per plant while sprayed plants yielded 11 gm of seed 
per plant. 

The germination of scarified seeds immersed in 5, 25, 50, and 500 
ppm solutions of 2,4—-D for 1 hour was about the same as the con- 
trols. However, germination of seed immersed in the same concen- 
trations of 2,4-D for 5, 20, or 30 hours was almost completely 
inhibited. 

Nonscarified seeds immersed in 2,4—D germinated better than 
seeds immersed in water (control) at the following concentrations 
of 2,4—D: 25 and 50 ppm for | hour; 5, 25, 50 ppm for 5 hours; and 
5 and 25 ppm for 20 or 30 hours. On the other hand, germination 
was inhibited at 500 ppm for either 20 or 30 hours. 
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Factors Affecting the Response of Zea mays and Sorgum 
halepense to Sodium 2,2—Dichloropropionate' 


H. H. FuNnpersurk, JR., and D. E. Davis? 


pee 2,2—dichloropropionate (dalapon) has been one of the more 
successful herbicides in controlling grass type weeds that have 
an abundance of underground rhizomes such as Johnsongrass (Sor- 
gum halepense) and quackgrass (Agropyron repens). 

Anderson and Hauser (1, 6) found with Johnsongrass that best 
control was obtained when dalapon was applied as a foliar spray 
to vigorously growing young plants. Ries and Vengris (10, 12) 
reached a similar conclusion when they used dalapon for the control 
of quackgrass. 

Hauser and Thompson (5) found that the translocation of dalapon 
was not critically affected by low soil moisture, reduced sunlight, 
or the use of additional wetting agents in the spray solution. Standi- 
fer and Ennis (11), however, found that the rate of absorption of 
dalapon was more efficient or rapid under conditions of high 
humidity. 

The purpose of this study was to add some information to the 
existing knowledge as to the effects of age, spray date, and rate on 
toxicity of dalapon to Johnsongrass. Corn was added as the second 
test plant due to its ease of culturing, susceptibility to dalapon, and 
because it was possible to select varieties of genetic homogeneity. 
Other experiments were added to determine if dalapon was carried 
over in the grain of corn to succeeding generations, to compare 
root versus shoot absorption of dalapon, and to determine if there 
were any differences in responses of various corn hybrids to dalapon. 





MATERIALS AND METHODS 


Effects of age, spray date, and rate on toxicity of dalapon to corn. 
This test was conducted on a Norfolk sandy loam soil. It was repli- 
cated four times and each plot was a row 50 ft. long. Corn of five 
planting dates, April 9, 16, 23, 30, and May 6, was sprayed on three 
dates, May 9, 16, and 23, thus providing corn of the same three 
ages (2, 3, and 4 weeks) at each spraying date. The rates of dalapon 
on an active ingredient basis were 0, 2, and 8 Ib/A. Dixie 18 corn 
was planted in normally prepared and fertilized soil and thinned to 
15 to 20 in apart. The various spray treatments were applied 10 in 
above the tops of the plants at 30 psi and 54 gal/A. 

Growth in height and green weights were used to evaluate plant 
response to dalapon in the various treatments. Ten randomly 
selected plants from each row were measured 3, 4, 5, and 6 weeks 
after chemical treatment and green weights were obtained when 


*This paper is primarily from a M.S. thesis presented by the senior author 
to the School of Graduate Studies, Alabama Polytechnic Institute, Auburn, 


Alabama. 
*Assistant in Botany and Botanist, Agricultural Experiment Station of the 


Alabama Polytechnic Institute, Auburn, Alabama. 
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plants were 9 to 13 weeks old. Additional data were obtained from 
each treatment on the number and length of internodes and the 
number of whorls of brace roots. A record of rainfall and maximum- 
minimum temperatures was kept during the experiment. Two 
analyses were made, one based on planting dates and one based 
on ages. 

Carryover of dalapon to succeeding generations. Seeds were har- 
vested from all plots that received the 0 and 2 Ib/A rates of dalapon 
in the preceeding test. The seeds were collected by taking one ear 
from each of ten randomly selected stalks in each row. Several grains 
from the center of each ear were shelled off, and these ten samples 
were composited as representative of the row. Each plot for this 
test consisted of a 25 ft row into which 50 seeds were hand dropped. 

Root versus shoot absorption of dalapon. This phase of the inves- 
tigation involved three treatments which were applied in quad- 
ruplicate to Dixie 18 corn plants that were grown in Hoagland and 
Arnon’s Solution 2 (7). The treatments were a check, roots dipped 
for 5 seconds in a 5,000 ppm solution of dalapon, and shoots dipped 
in a similar manner. After each plant was dipped, it was allowed 
to drain for 10 seconds and then was placed between moist paper 
towels for | hour and 15 minutes. At the end of this absorption 
period, the treated portions of the plants were rinsed in five suc- 
cessive containers of water and the plants were returned to the 
nutrient solution. Bioassays included height measurements and dry 
weights. This test was repeated three times. 

Response of different hybrids. This experiment was conducted to 
determine if there were any variations in the responses of different 
corn hybrids to dalapon. It involved 3 replications, 11 hybrids and 
2 rates, as indicated in Table 4%. Height measurements were made 
on 10 randomly selected plants from each row 2, 3, and 4 weeks 
after chemical treatment. 

Effects of age, spray date, and rate on toxicity of dalapon to John- 
songrass. Johnsongrass that had been growing in 8-in pots in the 
greenhouse for several months was used for this test. The Johnson- 
grass had well developed root systems and rhizomes. Three weeks 
prior to the first spraying the shoots of all Johnsongrass plants were 
cut off and allowed to resprout. The test was replicated 4 times and 
consisted of three rates of dalapon, 0, 5, and 20 Ib/A, and 4 ages 
when sprayed, 3, 6, 9, and 12 weeks. Two weeks after each spraying 
the shoots in each pot were cut off and the oven-dry weight recorded. 
The grass was then allowed to resprout and grow for three wecks, 
at which time the shoots were again cut off and oven-dry weight 
recorded. 


RESULTS AND DISCUSSION 


Effects of age, spray date, and rate on toxicity of dalapon to corn. 
The effects of the various spray rates on the height of corn sprayed 


*The seeds for this experiment were obtained from the Agronomy and Soils 
Department, A. P. I. 
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at various ages are shown in Table |. As expected, the rate of dala- 
pon application influenced strongly the growth in height of corn. 
The 8 lb treatment stopped the growth in height of corn at all ages 
and at all spraying dates. The 2 |b rate of dalapon also had a strong 
influence on the height of corn, though not enough to completely 
prevent growth (Table 1). There was no evidence that age of corn 


Table 1. Height of corn at varying times after spraying at varying ages with 
varying rates of dalapon." 





Height in cm of corn sprayed at the age of 


Weeks after 


spraying 2 weeks | 3 weeks 4 weeks 
Ck 2 Ib 8 Ib Ck 2 Ib 8 Ib Ck 2 Ib 8 Ib 
3 99 66 26 118 87 44 142 85 60 
4 134 | 91 27 159 114 44 182 99 59 
5 177 116 27 202 142 44 215 123 56 
6 215 | 136 28 236 153 43 249 124 54 





*All ages of corn and all waiting periods are represented equally in every average though corn 
sprayed at 2 wecks represents 3 a made April 23, 30 and May 7, while corn sprayed at 3 
weeks represents 3 plantings made April 16, 23, and 30, and corn sprayed at 4 weeks represents 3 
plantings made April 9, 16, and 23. 


affected the response to rates of dalapon; that is, the small differences 
in the responses of the various ages of corn to the herbicide shown 
in Table | could well be chance events. Spray dates were found to 
influence the toxicity of the chemical, with the 2 Ib rate being 
nearly as toxic as the 8 |b rate at the first spraying, but not at later 
spr° (Table 2). The foregoing statements are based on statis- 


Table 2. The effect of spray dates with varying rates of dalapon on the 
height of corn." 





Height of corn in cm 
Spray date Rates 

Ck 2 Ib 8 Ib 

May 9 157 47 33 

May 16 175 142 48 

May 23 200 145 47 
®Allagescferria all wai i g periocs afier sprayi .¢ are represented equally in every averag« 
However, corn at the second and third spray dates was u.cessarily from plantings made one and two 


weeks later than those used at the first spray date 


tical tests using the conventional 5 percent probability level to 
judge significance. There did not seem to be any obvious correlation 
between the relative toxicities on the various dates of application 
and observed weather phenomena immediately prior to, during, or 
following chemical treatment. The green weight data confirmed 
the findings in the height study. 

A detailed study of randomly selected plants indicated that dala 
pon decreased the stem length by decreasing the length of the inter 
nodes without affecting the number of internodes, Shortening of 
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the internodes was most pronounced in the upper one-third of the 
internodes, but was found also in the middle one-third at the 8 Ib 
rate and occasionally at the 2 lb rate. There was no evidence of death 
in the cells of the intercalary meristems, but the dalapon interfered 
with elongation. The 8 Ib rate seriously interfered with tassel devel- 
opment and there was an indication that it stimulated development 
of additional whorls of brace roots. Some of the major morpho- 
logical abnormalities of corn caused by dalapon were similar to 
the expressions of the brachytic gene and the rolled gene (2, 8). 

Carryover of dalapon to succeeding generations. Dalapon could 
possibly affect succeeding generations of corn in two ways. First, 
it could be carried over in the grain as dalapon. Ennis (4) has demon- 
strated such a carry over of 3—amino-—1,2,4—-triazole in corn. Engle 
and Mclllrath (3) and Miller et al. (9) have demonstrated also a 
carryover of 2,4—D in cotton. Second, dalapon could affect develop- 
ment of the grain while it is still attached to the parent plant and 
thus influence the percentage of germination or the vigor of the 
seedling. The plants treated with dalapon from which seeds were 
harvested usually produced small, poor quality grain in comparison 
to the check. 

The average percent germination was 68 for the seed from the 
check plants and 62 for the seed from the treated plants. The aver- 
age height of the check and treated plants at four weeks of age was 
36 and 34 cm respectively. There were no visual morphological 
abnormalities in any of the seedlings such as characterize plants 
treated with dalapon. From the data and observations it was con- 
cluded that there was no carryover of dalapon in corn. 

Root versus shoot absorption of dalapon. The results of this 
experiment are given in Table 3. Both dry weight and height data 
showed that dalapon was more effective when applied to the roots 
as compared to shoots. The difference in response between root 
treated and shoot treated plants may be partially explained since 


Table 3. The average growth and dry weight of 4 corn plants in each of 3 tests that 
had their roots or shoots treated with dalapon as compared with a check. 


Growth in cm Shoot dry weight in gm | Root dry weight in gm 
Test . 
| 

dates Check | Roots | Shoots Check Roots Shoots Check Roots Shoots 
treated | treated | treated | treated | treated | treated 
Sept. 9 47.5 5.0 30.8 5.28 1.71 | 3.25 2.28 0.74 | 1.34 
Oct. 5 56.2 11.7 48.7 6.86 3.91 4.84 2.29 1.63 1.22 
Dec. 30 47.5 3.2 30.0 4.40 1.04 3.47 1.61 0.33 1.50 
Av. 50.4 6.7 33.2 5.51 2.22 3.85 2.06 0.90 .35 


two different absorption-translocation mechanisms are involved. The 
herbicide was absorbed by the leaves through a hard-to-wet cutinized 
surface but there is no similar cutinized barrier in the roots. Further- 
more, translocation after absorption would probably be through 
the phloem after entering the leaves and through the xylem from 
the roots. 
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Response of different hybrids. The responses of eleven corn 
hybrids to dalapon are given in Table 4. Pfister 631 and Pioneer 
309A were affected the most; the least affected were U.S. 13, Dixie 
29, and Coker 811. The variation among the intermediates was 
relatively small, and there was no consistent order of response at 
the various times of measurement. The variation among hybrids 
was not associated with period of maturity. 


Table 4. The average height of 11 corn hybrids 2 and 4 weeks after treatment 
with 2 Ib/A of dalapon when 3 weeks old. 


Average height expressed as per cent of the check 
Hybrids in order of maturity | oid ees aa 


| 
2 weeks after treatment 4 weeks after treatment 





1—Minhybrid 611 64 52 
2—Wisconsin 642 63 58 
3—Funks G-50 63 52 
4—U. S. 13... 66 60 
5—Pfister 631.. 50 34 
6—Pioneer 309A 54 0 
7—Dixie 29... 66 75 
8—Mosby... 58 55 
9—Dixie 82. 58 58 
10—Coker 811. 68 73 
11—Dixie 18.. 57 55 
” 3 


LSD—-5 pct level — 22. 





Effects of age, spray date, and rate on toxicity of dalapon to John- 
songrass. The effects of the various treatments of dalapon on John- 
songrass are given in Table 5. Dalapon decreased the dry weight of 
the young plants in the first cutting but did not affect the older 


Table 5. Second cutting yield of Johnsongrass. The first cutting was made 2 weeks 
after treatment with dalapon and the second cutting 3 weeks after the first. 
Average of four replications. 


Yield of second cutting as per cent of the check following 
Age when sprayed treatment with dalapon at 


20 Ib/A 


5 lb/A 
12 weeks 77 25 
9 weeks 48 38 
6 weeks 21 3 
3 weeks. 7 1 


plants which were mature when sprayed. The effect of dalapon was 
quite evident on all ages at the second cutting. The maximum effect 
occurred on plants 3 and 6 weeks old, and the minimum effect on 
plants 9 and 12 weeks old. 


SUMMARY 


1. The toxicity of dalapon to corn was not significantly affected by 
the age of corn. 

2. Spray dates influenced the toxicity of dalapon to corn. 

3. Dalapon greatly decreased the height of corn. This decrease 
resulted from a shortening of the internodes rather than a decrease 
in number of nodes. 





a 
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4. Corn hybrids varied significantly in their susceptibility to dala- 
pon. This difference was not correlated with the period of maturity 
of the hybrids. 

5. Dalapon became less toxic to Johnsongrass as the shoots grew 
older. 

6. There was no indication that dalapon was carried over to the 
next generation in seed corn produced on plants that were treated 
when | to 6 weeks old. 

7. Absorption and/or translocation of dalapon by corn roots was 
more efficient and less variable than by shoots. 
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Experiments with Herbicides in Soils 
A. S. Crafts and Haroitp Drever! 


ena all agricultural chemicals applied to plants eventually 
reach the soil, and because many herbicides are applied directly 
to the soil for absorption through plant roots, it is desirable to test 
the persistence of these reagents in soils of varied types. Many such 
tests have already been conducted (1, 3, 4, 5, 6, 8, 9, 10, 11). Addi- 
tional studies will be necessary as new phytotoxic chemicals are dis- 
covered. In this paper tests on some of the herbicides which have 
been studied during the past decade are described. Most of these 
herbicides are already in extensive use and much information has 
already been obtained relative to their reaction in soils. The data 
included here are submitted in an effort to round out the available 
information, particularly as related to long time effects of the herbi- 
cides in soils. 

Literature was reviewed on the persistence of the following herbi 
cides: sodium salt of trichloroacetic acid (TCA), sodium salt of 2,2- 
dichloropropionic acid (dalapon), isopropyl N-—phenylcarbamate 
(IPC), isopropyl N—(3—chlorophenyl)carbamate (CIPC), isopropyl N- 
(3-chloro—6—methylphenyl)carbamate (CMIPC), 2,3,6—trichloroben- 
zoic acid (2,3,6-TBA), 3—phenyl-1,1—dimethylurea (fenuron), and 3- 
(p-chlorophenyl)—1,1—dimethylurea (Monuron). Several investigators 
have reported on TCA, dalapon, IPC, CIPC, and CMU. Only a 
limited number of reports are available on CMIPC and fenuron and 
no reports could be found at this time on TBA.‘ 

A number of investigators (1, 2, and 12) are in agreement that 
inactivation of some of these herbicides is greater in heavier soil or 
soils high in organic matter than in lighter soils or soils low in 
organic matter. Factors contributing to this effect may be greater 
microbiological population or conditions favoring their prolifera- 
tion and activity, such as high temperature, adequate moisture, and 
amount of organic matter in the soil (1, 2, 3, 6, 8, 9, 10, 11 and 12). 
Other factors contributing to the inactivation of the herbicides 
might include magnitude of fixation to soil colloids (3, 4), volatili- 
zation (12), hydrolysis (7), and pH or liming of soils (6). 

In general TCA, dalapon, and IPC, under favorable conditions, 
are persistent in soils for short periods of time, CIPC and CMIPC 
for a longer period, and the substituted ureas for much longer 
periods. 

In view of the many factors that may influence any one experi- 
ment, the results of this particular investigation are offered for study 
and as supplementary information in the hope that they may be used 


‘Professor of Botany and Laboratory Technician, University of California, 
Davis, California. 

*The writers wish to acknowledge the valuable help of T J. Sheets in the 
preparation of the manuscript for publication; Dr. P. B. Kaufman, Mr. W. A. 
Harvey and Dr. O. A. Leonard set up the experiments reported in Tables | and 2. 

*Reports from Phillips on TBA appear in NCWCC 15th Proceedings, 1958, 
and in weeds 7:284-294. 1959. Editor. 
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as an aid in eventual generalizations with regard to the relation of 
chemical structure to the persistence of herbicides in soils. 


MATERIALS AND METHODS 

The herbicides employed in these comparative toxicity studies 
were TCA, dalapon, IPC, CIPC, CMIPC, 2,3,6-TBA, fenuron, and 
monuron. 

Three soils were used: Yolo fine sandy loam, Yolo clay loam, and 
Egbert loam. Yolo fine sandy loam and Yolo clay loam are recent 
alluvial soils from sandstones and shales of the Coast Range moun- 
tains of California. The clay of these soils is high in montmoril- 
lonite. Egbert loam is a mixed organic soil composed of clay from 
the Sacramento basin with a high content of organic matter derived 
from peat. 

The biological methods used were those employed by Crafts (13). 
Briefly they consist of placing 500 grams of air dry soil in a can that 
has no provision for drainage. The herbicide is added either directly 
to the air dry soil, mixed thoroughly and a predetermined amount 
of water added to bring the soil to field capacity, or by mixing 
the appropriate amount of a stock solution of the herbicide with 
the predetermined amount of water necessary to bring the soil to 
field capacity. Seeding is accomplished by placing thirteen Kanota 
oat seeds in the surface of the soil in each can with the germ end 
firmly thrust into the soil. The plants are thinned to 10 and watered 
periodically to weight. After four weeks’ growth the plants are 
harvested and the fresh weight of the plant growth above the surface 
of the soil recorded. After a drying period of four weeks the plant 
material is placed back in the can, covered with the pulverized soil 
and reseeded. The fresh weight data are used as a measure of 
toxicity. 

The concentrations of the herbicides used were 0, .1, .2, .4, .8, 1.6, 
3.2, 6.4, 12.8, 25.6, 51.2, 102.4, 204.8, 409.6 and 819.2 ppm by weight 
of the molecular equivalent of the herbicide in 500 grams of the air 
dry soil. 

The results are based on figures derived from the fresh weights 
of the growth above the soil surface. All experiments were replicated 
3 times. The values presented in Tables | and 2 were obtained by 
plotting average fresh weights of each run against the logarithm of 
dose and taking the dosage at the 50 percent growth point. The 
number of runs required to reduce activity of each chemical to the 
50 percent growth level was used in formulating Tables | and 2. 


RESULTS 
The first experiment was a comparative study of the persistence 
of IPC, CIPC and monuron in the three California soils, Yolo fine 
sandy loam, Egbert loam, and Yolo clay loam. Table 1 shows the 
results of this test. IPC was inactivated very rapidly in all three soils. 
At the end of three runs there was little or no toxicity to oat 
plants even at the very high concentrations. CIPC was inactivated in 
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Table 7. Persistence of herbicides in soils. Number of runs required to reduce the 
mrey level of the herbicide to amines Powe ae to 50% of control or more. 





Conc. IPC CIPC Monuron 
ppmw | 52 
YFSL | EL YCL YFSL EL YCL YFSL EL YCL 
dicelnaninl i : 
1 1 1 1 1 1 1 } 1 1 
. 1 1 1 1 1 1 1 1 1 
4 1 1 1 1 1 1 2 1 1 
8 2 | 1 1 1 1 1 3 1 1 
1.6 2 1 2 2 1 1 4 1 3 
: 2 1 2 2 1 2 7 2 4 
6.4 2 2 2 2 2 2 11 3 9 
12.8 2 2 2 2 2 2 17 12 17 
25.6 2 | 2 2 2 2 2 >22 17 >24 
51.2 | 2 2 2 3 3 3 >24 >21 >24 
102.4 2 2 2 4 6 4 >24 >24 >24 
204.8 2 2 2 5 9 5 >24 >24 >24 
409.6 3 2 3 15 11 7 >24 >24 >24 
819.2 3 3 3 18 14 15 >24 >24 >24 


all three soils rather rapidly. Monuron was very persistent. Even 
after twenty runs each of which included a thirty day growing period 
and a thirty day drying period, toxicity was acute above 12.8 ppmw 
in the two Yolo soils and above 25.6 ppmw in the Egbert loam. 

A comparison of the relative persistence among soil types can also 
be made from Table 1. Initial toxicity of IPC was greatest in the 
Yolo fine sandy loam and least in Egbert loam. IPC was slightly 
more persistent in the two Yolo soils after 2 runs. After three runs 
the herbicide was inactivated in all three soils at the highest concen- 
tration. Initial toxicity of CIPC among soil types was in the same 
order as for IPC. At the end of two runs 25.6 ppmw and above were 
still toxic in all three soils. At the higher concentrations inactivation 
occurred more rapidly in Egbert loam, requiring 14 runs as com- 
pared to 15 runs for Yolo clay loam and 18 runs for Yolo fine sandy 
loam. Initial toxicity of monuron followed the same order as IPC 
and CIPC, being greatest in Yolo fine sandy loam, lower in Yolo 
clay loam and lowest in Egbert loam. Inactivation at the 6.4 ppm 
conc. level was completed after three runs in Egbert loam, afte1 
nine runs in Yolo clay loam, and after eleven runs in Yolo fine 
sandy loam. 

The second experiment was another comparative study of the 
persistence of seven herbicides, TCA, dalapon, CIPC, CMIPC, 2,3,6- 
TBA, fenuron, and monuron, in three California soils, Yolo fine 
sandy loam, Yolo clay loam, and Egbert loam (Table 2). 

Initial toxicity in order of increasing toxicity would place the 
herbicides in the following order: fenuron and monuron, CIPC, 
dalapon and TCA, CMIPC, and 2,3,6-TBA. It should be men- 
tioned here that Table 2 is based on fresh weight of plants, and with 
2,3,6-TBA, even though the weight of the plants was not inhibited 
too severely, pronounced symptoms (rolling of leaves) occurred at 
the low concentrations. This did not occur with any of the other 
herbicides tested. 

Table 2 indicates the herbicides in order of most rapid inactiva- 
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tion as follows: TCA, dalapon, CIPC, CMIPC, 2,3,6-TCB, fenuron, 
and monuron. 

A comparison of inactivation among the three soil types can also 
be made from Table 2. TCA was inactivated more readily in Egbert 
loam than in the two Yolo soils. Dalapon was most persistent in 
Yolo fine sandy loam, least persistent in Yolo clay loam, and inter- 
mediate in Egbert loam. CIPC showed the same relationship as TCA 
inasmuch as inactivation occurred sooner in Egbert loam than in the 
two Yolo soils. CMIPC remained more persistent in Yolo fine sandy 
loam, intermediate in Yolo clay loam, and least persistent in Egbert 
loam. Both carbamates seemed to experience periods of relative 
stability interspersed with periods of rapid breakdown. 2,3,6-TBA 
appeared quite persistent in all three soils. Breakdown occurred at 
low concentrations during the first seven runs, in the Egbert loam. 
After the seventh run, however, the toxicity remained fairly uniform 
in all three soils. Fenuron appeared unusually persistent in Egbert 
loam, intermediate in Yolo fine sandy loam, and least persistent in 
Yolo clay loam. There was little difference in the rate of inactiva- 
tion of monuron among the three soils. 


DISCUSSION 

The principal value of the studies described is the comparison 
of toxicity and breakdown. 

These studies give a comparative idea of the types of persistence 
encountered in the use of herbicides and so are valuable in assess- 
ing the usefulness of the chemicals on non-agricultural lands and in 
anticipating possible problems of soil residues on crop land. Because 
of the extreme persistence of the urea herbicides, it seems evident 
that they should be used with a great deal of caution on crop lands. 

This caution applies as well to the symmetrical triazines and other 
herbicides of similar persistence in soils. Furthermore, in deep- 
rooted crops such as trees, vines and alfalfa it should be kept in 
mind that as these materials are leached into lower soil strata they 
find themselves in low O., high CO. conditions where microbial 
activity is much less than in the top soil, and also in many situations 
the subsoils are heavier and less well drained. These conditions all 
contribute to slower breakdown. It might be well to recall that the 
use of lead arsenate in orchards of the Pacific Northwest went on for 
25 years or more before difficulties were experienced. Without wish- 
ing to be alarmists, the writers would like to point out some of the 
possible hazards that may lie ahead where persistent soil sterilants 
are used on crop lands. On the other hand these chemicals should 
prove very valuable for sterilization on non-agricultural land and 
this in itself constitutes a very large market. 

Because only one test plant was used, the results presented here 
are limited, for, as is well known, each chemical tested has specific 
selectivities when many species are used. For example TCA, dalapon, 
and the carbamates are all somewhat more toxic to grass than to 
broad-leaved weeds. On the other hand TBA is known to be espe- 
cially toxic to beans. Asparagus znd spinach tolerate moderate 
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amounts of monuron but tomatoes are very sensitive. Because of 
such selectivities the use of preemergence chemicals applied through 
the soil on crop land requires careful testing with the crops involved. 
Such tests must be run in the field under the climatic and soil con- 
ditions encountered in growing the crops. 

Many new herbicidal chemicals are appearing and each of these 
will require careful study with respect to persistence. Usually each 
new material has come from a screening program conducted by the 
manufacturer and so some information is usually available at the 
time of introduction. However this is often limited by the type of 
screening involved. More extensive tests, particularly with respect 
to crop species, are usually justified and these should cover all the 
aspects from screening to final use. The methods used in these and 
previous tests are practical, speedy, and require a minimum of labor. 


SUMMARY 


A study of the persistence of several herbicides in three California 
soil types was conducted using Kanota oats as the indicator plant. 
The study was divided into three phases, (1) comparative initial 
toxicity, (2) comparative inactivation between herbicides, and (3) 
comparative inactivation between soil types. 

Ihe initial toxicity of the herbicides in order of decreasing toxic- 
ity was as follows: fenuron and monuron, CIPC, dalapon and TCA, 
CMIPC, and TBA. 

Comparative inactivation among herbicides as shown by this 
experiment, in order of most rapid to slowest inactivation, was as 
follows: TCA, dalapon, CIPC, CMIPC, TBA, fenuron, and monu- 
ron. From this experiment no close correlation could be found 
between rate of inactivation and type of soil. 

Because of their persistence in soils many herbicides should be 
used with caution on crop lands. The substituted ureas, the sym- 

‘~‘-=| triazines and all other herbicides of similar persistence in 
soils should be very thoroughly tested before being used on crop 
lands. 
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Evidence for Hydrolysis of Esters of 2,4-D during 
Absorption by Plants 


A. S. Crarrs! 


T has been recognized for some time that although short-chain 

alkyl esters of 2,4—-D are very toxic, they do not translocate so 
well as the parent acid or the heavy esters (1). Iwo very plausible 
reasons for this are apparent: (?) These compounds, being highly 
lipoid soluble, dissolve readily in plant cuticle, and other lipoid 
phases, and tend to be held in this phase; (2) penetrating rapidly, 
these compounds are highly toxic to the treated leaves. This con- 
tact toxicity kills the mesophyll and fine vascular bundles of the leaf 
and stops translocation. 

In order to evaluate the relative effectiveness of these two factors 
it seemed desirable to determine whether or not the esters are 
hydrolyzed during absorption into the leaf. The isopropyl ester of 
2,4-D was tagged? in two locations: (1) in the carboxyl position 
and (2) on the alcohol chain. 

Solutions of the two tagged lots were made in acetone at concen- 
trations equivalent to 10 microcuries per ml. A solution of car- 
boxyl-labeled 2,4—D acid in 50% alcohol with 0.1% Tween 20 was 
used for comparison. Solution cultured barley plants having six 
expanded leaves were used for the experiment. Treatment was on 
leaf number 3 or leaf number 6 of each plant. Volume of solution 
was 10 lambdas, dosage 0.1 microcurie, treatment time two days. 
The plants were freeze-dried and autographed as _ previously 
described (5). 

Figure 1 shows the mounted plants (below) and the autographs 
(above) for treatment on leaf 3. On the left is shown the results 
of using the carboxyl labeled isopropyl ester, in the center the 
alcohol labeled ester, and on the right the carboxy! labeled acid. 
Since the alcohol label stays in the treated leaf, moving only in an 
acropetal direction it seems evident that it has been hydrolyzed off 
from the acid. The carboxyl-labeled ester residue, and the car- 
boxyl-labeled acid both show a basipetal movement into crowns, 
young leaves and roots. This is evidence for phloem transport with 
assimilates which is as extensive as can be expected of 2,4—-D* in 
such plants (2). 

Treatments on leaf 6 are shown in Figure 2; arrangement of 
mounted plants, autographs, and chemicals are as in Figure 1. 
Again movement of the alcohol label is only acropetal; movement 
of the carboxyl-labeled compounds is basipetal and phloem limited. 

The acropetal movement of the labeled isopropy! alcohol in these 
treatments seems to indicate that this alcohol is not phloem mobile. 
Probably movement occurs in the xylem along with the transpira- 
tion stream. The ions of the 2,4—D* acid on the other hand seem 


*Professor, University of California, Davis, California. 
*Synthesis of the two tagged lots of the isopropyl ester of 2,4—D was done by 
R. G. Powell in the Department of Agriculture, Oxford University. 
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readily to enter and move in the phloem. However, as in previous 
experience (3, 2) 2,4—-D* seems to be held in active tissues and so 
to attain a much less extensive distribution than do such compounds 
as ATA*, MH*, and sugars*. Experiments using the same three 
tracers in cotton and Zebrina pendula give comparable results 
though somewhat less graphic. 

Returning to the two causes for lack of translocation of the alkyl 
esters of 2,4—D, the fact that the isopropyl ester is hydrolyzed in the 
leaf makes the first cause less important because, after hydrolysis 
the ester no longer persists in the cuticle as such but the 2,4—D ion 
moves on across the mesophyll and into the phloem. Partition of 
the 2,4-D ion should be into the aqueous phase because of its 
polarity. This process greatly steepens the diffusion gradient from 
the surface inward and must necessarily hasten movement. Although 
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a certain residue must remain in the cuticle, it cannot account for 
the lack of long-distance transport observed. And the autographs 
show that under the conditions of this experiment the 2,4—D* ion 
does move as well as when the acid itself is applied. 

Turning to the second cause for failure of transport it should be 
emphasized that the treatment used in these experiments employed 
a minimal dosage to avoid contact injury. Under conditions of field 
application a much greater dose is applied and the whole plant is 
covered. Under these conditions the leaves are rapidly burned and 
may be dead in a day or two. Probably the phloem in the latter case 
is rapidly injured and extensive transport prevented. This lays the 
stress on dosage and the rapidity of action. If failure to translocate 
depended upon lack of partition this could be remedied by increas- 
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ing the dosage. If it depends on contact injury then an optimum 
dosage should be used; increase above the optimum would increase 
injury and reduce translocation. Ideally the herbicide should be 
applied in such a way that a maximum amount of toxicant is moved 
with a minimum of injury to the leaves, and to the phloem of the 
stems and roots. 

In order to study the role of dosage in the mechanics of uptake 
and transport two dosage series were treated using 2,4—-D* acid 
bearing a carboxyl label and varying dosage with constant volume 
in one series; varying both dosage and volume in the second. 

Figure 3 shows the dosage series with volume constant. Doses 
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applied were 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 yc using a lot of 2,4-D* 
having a specific activity of 5.0 mC per mM dissolved in 50% alco- 
hol plus 0.1% ‘tween 20. Treatment was on leaf number 3. As one 
examines the autographs he finds that more and more of the tracer 
reached the roots as the dosage was increased. This should follow 
from the fact that the initial small quantities that first enter chlor- 
enchyma cells are retained in these cells, and only as they are satu- 
rated may more molecules move on. Thus, by the time the molecules 
from the higher doses have reached the crown, there remain sufficient 
numbers to move throughout the roots. The 0.5 wC dosage used 
here did not cause rapid contact injury. 
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Figure 4 presents the dosage series in which volume also varied in 
proportion to dosage. Volumes were I, 2, 4, 6, 8, 10 lambdas cor- 
responding to 0.05, 0.1, 0.2, 0.3, 0.4, and 0.5 wC. Here it is notice- 
able that movement of the tracer from the lower volumes is less 
than where volume was held constant. Since the solvent used evapo- 
rated in less than an hour whereas the experiments lasted twenty- 
four hours, the differences in size of the treated spot and volume of 
Tween 20 probably were responsible for the greater absorption from 
the higher volume. This formulation dries down to a thin film with 
the 2,4—-D* dissolved in the Tween 20. The 2,4—-D* undoubtedly 
diffuses into and across the cuticle from this film and because it dis- 
sociates to a higher and higher degree as it moves into the sieve tubes 
of the phloem, the gradient is maintained and movement continues 
for at least the term of these experiments. The very small volumes 
of solvent coupled with the low dosages resulted in appreciably less 
2,4-D* moving as compared with the same dosages in the constant 
volume of 10 lambdas. 


DISCUSSION 


All herbicides applied to leaves must traverse the cuticle and the 
epidermis, or move in through stomates to the chlorenchyma in 
order to reach the phloem for long-distance transport to roots. The 
cuticle, either external or internal, is very probably of a sponge-like 
consistency with the interstices filled with water when the plant and 
atmosphere are saturated, and filled with increasing amounts of air 
as the plant suffers water stress. Zukel, et al. (6) have shown, that 
surrounding the plant with a saturated atmosphere greatly facili- 
tates penetration of MH. Probably under these conditions the spray 
solution or applied droplet makes immediate contact with the con- 
tinuous water phase and the chemical is able to diffuse directly 
around and into the mesophyll cells via the cell walls. 

When the plant is under water stress the menisci are pulled back 
into the minute capillaries in the cuticle and as liquid is applied air 
bubbles are entrapped in the capillaries blocking movement into the 
leaf. Without wetting agent, spray liquid would have little tendency 
to enter these blocked capillaries. Containing a wetting agent com- 
patible with the cuticle, as the solution dried down the wetting 
properties are increased. Possibly the capillary walls are wetted, the 
bubbles surrounded by water and pressed into solution in the 
ambient liquid, and direct contact is established for continued 
inward movement of the solute along an aqueous route. Such a 
mechanism would account for the passage of water-soluble sub- 
stances across the cuticle, for the enhanced uptake when wetting 
agents are used, and for the role of saturated atmosphere in increas- 
ing absorption. Currier and Dybing (4) stress the stomata as ports 
of entry of chemicals. Once in through the stomata the solution 
wets cell walls that reside in a saturated atmosphere. As noted above, 
this makes for ready uptake into the protoplasts of the mesophyll. 

Again are emphasized the virtues of a slow ordered uptake of a 
chemical that has to be translocated to roots to perform its normal 
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function. Very rapid penetration of the leaf, as in the case of the 
light alkyl esters of 2,4—D, results in rapid injury and failure to 
translocate extensively; too slow penetration, as with glycol diesters 
or with the tetrahydrofurfuryl ester, results in rapid recovery of the 
treated plants; slow ordered penetration as in the case of the butoxy- 
ethanol or propyleneglycolbuty!l ether ester or the emulsifiable acid 
results in optimum results. Here the 2,4-D tolerance of the living 
mesophyll and phloem is not exceeded; movement from foliage 
to roots continues for several days; a lethal dose is built up in the 
roots and the treatment is a success. 

Treatment with a single droplet of 2,4—D*, as in the experiment 
described here, is not designed to duplicate a spray application. It 
is used to investigate the nature of the mechanism involved in up- 
take and distribution of toxic substances during the interval between 
application and the onset of discrete toxicity. The low doses used 
cause little or no injury during the term of the experiment. They 
do illustrate the nature of the processes involved and suggest the 
means to be taken to obtain maximum results. 
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Reduction of Annual Bluegrass, Poa annua, in Bent- 
grass Turf by the Use of Chemicals' 
R. E. EnGet? and R. J. Avpricn® 

g ee great herbicidal developments of recent years give hope [or 
chemical control of annual bluegrass, Poa annua, which is a 
major weed problem in bentgrass turf. Annual bluegrass produces 
an abundance of seed and quickly dominates bentgrass turf that 
is not growing at its optimum. Annual bluegrass might be con- 
trolled by prevention of seed set, pre-emergence control, and plant 
eradication. The original purpose of this study was to evaluate 
chemicals which offered promise of annual bluegrass control by 
checking seed set. However, necessity led to consideration of any 

promising chemical regardless of its method of control. 

No formal investigations of chemical treatment of annual blue- 
grass were available at the time this study was initiated. In 1955 the 
presence of arsenicals in the soil was reported to weaken the growth 
of annual bluegrass (2) and in 1958 fluorophenoxyacetic acids were 
reported to induce sterility in annual bluegrass for four to six 
weeks (1). Various golf course superintendents had used sodium 
arsenite in an attempt to suppress annual bluegrass. 


PROCEDURE 

Preliminary field observations with herbicides applied as spring 
treatments in 1952 showed that 3,6-endoxohexhydrophthalic acid 
(endothal), maleic hydrazide, and sodium arsenite might be useful 
in controlling annual bluegrass. Trials were made also in September 
1952, as an attempt to destroy Poa annua in one of its major ger- 
minating periods. Turf injury was very severe in most treatments 
and further work of this type was discontinued for lack of promise. 
Among the chemicals tried and discontinued were isopropylN—-(3 
chlorophenyl)carbamate, isopropyl N—(4—chlorophenyl) carbamate, 
potassium cyanate, 3—(p—chlorophenyl)—1,1—dimethylurea, 2,4—di- 
chlorophenoxyethyl benzoate, dichloral urea, and 2,4—D. 

In 1954, a test of endothal, maleic hydrazide, and sodium arsenite 
was established on bentgrass fairway* turf which had a uniform dis- 
tribution of annual bluegrass. The plots were 30 feet wide and 
extended across the width of the fairway. All treatments were repli- 
cated three times and were applied in 40 gallons of water per acre. 
The dates of treatment were April 2, 21, and May 7, 1954; April 1, 22, 
and May 19, 1955; April 24 and May 9, 1956; and March 25 and 
‘Cooperative investigations between the New Jersey Agricultural Experiment 
Station and the Crops Protection Research Branch, ARS, U.S. Dept. of Agricul 
ture. Paper of the Journal Series, New Jersey Agric. Expt. Station, Rutgers—the 
State University, New Brunswick. 

*Professor in Turf Management, Department of Farm Crops, Rutgers. 

*Formerly Agronomist, Crops Protection Research Branch, ARS, U.S. Dept 
of Agriculure; now Assistant Director, Michigan Agric. Expt. Station, East 
Lansing. 

*A fairway of the Canoe Brook Country Club, Summit, N. J. 
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April 16, 1957. The 2-pound per acre rate of maleic hydrazide was 
applied the first two dates in 1954 and the first date in 1955; and the 
l-pound per acre rate was applied on all dates in 1954 and the first 
two dates in 1955 and 1956. No further maleic hydrazide treatments 
were made because turfgrass injury had become intolerable. 

The treatments were observed for turfgrass discoloration and 
seed head inhibition. The effects of treatment on turfgrass compo- 
sition were determined by plant counts (point quadrat), which were 
made in September of 1954 and 1957. 


RESULTS AND DISCUSSION 


Endothal treated plots showed a 37% increase in bentgrass the 
first season (Table 1) and a 55% increase at the close of the fourth 
season over the check. The corresponding reduction in annual blue- 
grass was 37% and 62%. This chemical appeared to suppress annual 
bluegrass by contact action on the plants. Discoloration of annual 
bluegrass was mild to severe while discoloration of the bentgrass 
was slight under the conditions of this test. Clover was essentially 
eliminated from the endothal plots by the first season’s treatments. 

Sodium arsenite plus 2,4-D gave 15% and 28% increase in bent- 


Table 1. Control of Poa annua obtained with chemicals applied to bentgrass 
fairway turf. Summit, New Jersey. 1954-1957. 





—= 
Turf composition—per cent* 


¥ . Rate, - — - 
Chemical Ib/A Bentgrass Poa annua Clover> 
1954 | 1957 | 1954 | 1957 | 1954 
— 
Check Bs et bt eee ee ee ee 
Endothal 6 68 81 24 4 1 
Sodium arsenite + 2,4-D i+ | 57 67 24 | 21 | 7 
Maleic hydrazide 1 | 35 e 32 e 25 


*The difference between the totals and 100 represent plant species such as Poa trivialis, Poa pratensis, 


crabgrass, and clover (1957 only). 
>»Clover readings were unavailable in 1957 because general treatment of the entire fairway was 


necessary prior to 1957 
©Treatments discontinued prior to 1957. 


grass over the check in the first and fourth seasons, respectively. The 
corresponding reduction in annual bluegrass was 33% and 40%. 
The discoloration produced by the sodium arsenite plus 2,4—D treat- 
ment was mild to moderate. This treatment gave a 32% reduction 
in clover over the check as a result of the first season’s treatments. 
Further trial with this treatment at a higher rate of sodium arsenite 
is worthy of consideration. 

The maleic hydrazide treatment at a rate of | pound per acre 
produced a 29% reduction in bentgrass and a 12% reduction in 
annual bluegrass as compared with the check. However, a clover 
increase of 142% over the check was also observed. This suggests 
that the grasses were less competitive or deteriorated as a result of 
maleic hydrazide treatment. 

The production of annual bluegrass seedheads was greatly reduced 
by maleic hydrazide treatment, and it was hoped this result would 











28 WEEDS 





outweigh the harmful effect which suppressed the grasses and 
enabled clover to flourish. However, the turf quality of the plots 
receiving this treatment was reduced until it was necessary to dis- 
continue this chemical. 

This study demonstrated that any treatment which destroys 
existing annual bluegrass plants is unsatisfactory unless there is 
sufficient bentgrass to close the cover rather quickly or bentgrass 
can be established promptly. Also, the season of herbicidal treat- 
ment produces profound differences. The severe injury from most 
fall applications was in contrast to the slight spring injury. Also, 
the early spring treatments used in these tests gave some of the most 
consistent performances observed with turf herbicides. 


SUMMARY 


Eleven chemicals were tried in spring and fall treatments for 
annual bluegrass, Poa annua, control. Among these, endothal, 
maleic hydrazide, and sodium arsenite plus 2,4—D as spring treat- 
ments offered promise. These chemicals were applied as replicated 
treatments to bentgrass fairway turf containing about one-third 
Poa annua in early spring of each year from 1954 through 1957. 
The influence of these treatments was measured by plant counts 
with a point quadrat in September of 1954 and 1957. 

1. The endothal and sodium arsenite plus 2,4—D treatments pro- 
duced reductions in annual bluegrass as compared with the check 
of 37% and 33% during the first season and 62% and 40%, 
respectively, by the fourth season. During this period the bentgrass 
increased 55% and 28%, respectively, over the check. 

2. Two to three applications of 4 pound of endothal per acre 
applied at approximately 2-week intervals beginning with the start 
of early spring growth gave consistently good reduction of annual 
bluegrass. This treatment also gave good clover control. 

3. Two to three treatments of 1 pound of sodium arsenite plus 
4 pound of 2,4—D at 2-week intervals beginning at the start of early 
spring growth gave a significant reduction in annual bluegrass. 

4. Maleic hydrazide reduced the number of annual bluegrass 
seedheads, but also seriously reduced the bentgrass content of the 
turf and allowed an increase of clover which forced discontinuance 
of this treatment after two years. 
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Some Effects of Amitrol on the Respiratory 
Activities of Zea mays 
C. G. McWuorrter! and W. K. Porter? 


gee (3-amino-—1,2,4—triazole) has received considerable atten- 
tion in recent years as a herbicide and defoliant. This material 
was noted to have growth-inhibiting and defoliating properties by 
Hall et al. (1) in 1952. Hall et al. (2) reported that amitrol caused 
chlorophyll destruction under certain conditions and that chloro- 
phyll synthesis was impaired in tissues formed at the time of, or 
subsequent to, absorption of the chemical. These workers also 
reported that cotton treated with amitrol showed a loss approxi- 
mately 50 percent of the original reducing sugars and sucrose. 
Herbert and Linck (4) have reported an initial increase in the rate of 
respiration of Canada thistle following treatment with amitrol. This 
initial respiratory increase was followed by a decrease which was 
dependent upon time as well as the concentration of amitrol a ee 
to the plants. Similar results were obtained by Miller and Hall (5) 
using Avena sections and cotton leaf discs. Heim et al. (3) found that 
amitrol caused decreases in catalase activity of certain plants. Reduc- 
tion of chlorophyll content and catalase activity were obtained 
following application of amitrol to leaves of potato, barley, and 
sunflower. In experiments reported in a more recent paper by these 
workers (6), amitrol caused in vitro inhibition of catalase activity. 

Using amitrol —5C™, Rogers (7) demonstrated that this material 
tends to accumulate in the younger leaves of Canada thistle plants. 
Relatively low rates of amitrol were toxic to Canada thistle and 
soybean plants but not to Johnson grass. Rogers postulated that 
these differences were not due to translocation but that the position 
of the meristematic tissue in grasses precluded accumulation of 
toxic quantities of amitrol. 

Rogers (8) reported that chlorosis resulting from the application 
of sublethal rates of amitrol to corn was due to a lack of chloro- 
plasts rather than some effect on the chlorophyll per se. 


METHODS AND MATERIALS 


Corn plants (var. Dixie 18) were grown in pots containing sand 
and the pots were flushed with Hoagland nutrient solution adjusted 
to pH 5.4 on alternate days. If chlorotic plants were desired, pots 
containing 4- or 5-day-old corn seedlings were treated with Hoag- 
land nutrient solution which contained 80 mg/L of amitrol. Unless 
otherwise stated, all plants used in the study were I1 to 12 days 
old at time of harvest. Although the light intensity varied greatly, 
greenhouse light intensities were generally above 3000 foot candles 


*Formerly Research Assistant, Louisiana State University, Baton Rouge, 
Louisiana, and now Plant Physiologist, Crops Research Division, Agricultural 
Research Service, U.S. Department of Agriculture, Delta Branch Experiment 
Station, Stoneville, Mississippi. 

*Associate Professor, Louisiana State University, Baton Rouge, Louisiana. 
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and often reached 10,000 foot candles. Greenhouse temperatures 
generally ranged from 30-35°C. In addition to plants grown under 
greenhouse conditions, some plants used in this study were grown 
in constant temperature rooms which were operated at 20° and 
30°C. Light was supplied by fluorescent and incandescent light bulbs 
and the light intensity in each room was approximately 200-foot 
candles. 

Homogenates of both control and chlorotic tissues were prepared 
by homogenizing a sample of leaf tissue in potassium phosphate 
buffer in a semi-micro Waring blendor. Resulting hemogenates were 
strained through cheesecloth to remove the crude fraction. Homog- 
enates to be assayed for cytochrome oxidase were prepared using 
potassium phosphate buffer of pH 7.0. All other homogenates were 
prepared in potassium phosphate buffer of pH 5.85. 

Respiratory activity of whole tissue and homogenates was deter- 
mined using a Warburg respirometer and conventional methods 
described in Umbriet et al. (9). Duplicate flasks were used for each 
treatment. Flasks containing whole leaf tissue received 2.0 ml of a 
buffer solution which was 0.02 M and 0.20 M with regard to sucrose 
and potassium phosphate respectively. For estimation of enzyme 
activity in homogenates, an aliquot of homogenate was added to the 
main compartment of a Warburg flask and the appropriate sub- 
strate added to the side arm of the flask. As the result of several 
initial experiments, 0.25 M ascorbic acid, 2 x 10 M cytochrome C or 
0.12 M catechol was used as the substrate in the estimation of ascor- 
bic acid oxidase, cytochrome oxidase, and polyphenol oxidase 
respectively. Paraphenylenediamine was used to reduce the cyto- 
chrome C. All substrates were adjusted to the appropriate pH 
shortly before addition to Warburg vessels. 

In some initial experiments amitrol was applied to detached 
corn leaves by surface treatment and by vacuum infiltration. Vacu- 
um infiltration was accomplished by immersing the leaves in a 
beaker of amitrol solution, placing the beaker in a vacuum desic- 
cator, and applying a vacuum with a water suction for 10 minutes. 
The vacuum was then slowly released, reapplied for 10 minutes and 
again slowly released. The tissue was then blotted and handled as 
control tissue. 


RESULTS AND DISCUSSION 


The effect of amitrol on detached corn leaves was studied by 
vacuum infiltration and/or addition of amitrol to the leaf surface. 
The respiration of tissue so treated was studied for periods up to 
4 days, but no appreciable change was found that could be attrib- 
uted to amitrol treatment. When amitrol effected a difference in 
respiration, it was a slight reduction. 

To determine the effect of amitrol on the respiration of growing 
plants a solution of amitrol was used to flush the root system of 
greenhouse grown corn plants. Tissue harvested from these plants 
twenty-four hours after application of the chemical had an oxygen 
uptake that was approximately 20 percent higher than that of 
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untreated plants. Approximately four days after amitrol treatment, 
these plants became strikingly chlorotic. Respiration experiments 
showed that chlorotic tissue also respired at a more rapid rate than 
did control tissue. The respiratory quotients of both chlorotic and 
control tissue approached unity which suggested that the respiratory 
substrate of both tissues was carbohydrates. 

The results of 26 experiments conducted during the summer and 
fall of 1957 indicated that of the three terminal enzymes known 
to be present in corn tissue, ascorbic acid oxidase predominated 
over cytochrome oxidase and polyphenol oxidase. Activity of ascor- 
bic acid oxidase in chlorotic tissue was generally 2- to 3-fold that of 
control tissue. Following a delay in this work, it was found that in 
corn grown during the winter, polyphenol oxidase predominated 
over ascorbic acid oxidase and cytochrome oxidase. Since this change 
probably resulted from some change in the environmental con- 
ditions under which the plants were grown, experiments were con- 
ducted to study effects of age of plants, light, and temperature on 
the respiration and terminal oxidation of control and amitrol-in- 
duced chlorotic tissues. 


Effect of plant age on ascorbic acid oxidase and polyphenol oxidase. 

Estimations of ascorbic acid oxidase and polyphenol oxidase were 
conducted in homogenates of control tissue, the green area of 
amitrol-treated plants, and chlorotic tissues of amitrol-treated plants 
over 7, 6, and 5 day periods respectively. A summary of the data 
obtained in these experiments is presented in Figure |. For brevity 
the plotted points of the curves in Figure | represent only the maxi- 
mal portion of the oxidation curves obtained in these experiments. 

The ascorbic acid oxidase activity of control tissue remained 
constant through the 7-day test period. Polyphenol oxidase activity 
of control plants 5, 6, 7 days old was approximately 4 times as great 
as ascorbic acid oxidase activity in plants of the same age. As the 
age of plants increased to the 9th day, however, polyphenol oxidase 
activity dropped to a point slightly below that of ascorbic acid 
oxidase, and had decreased even further when the plants were 11 
days old. 

The oxidation curves for ascorbate and catachol in homogenates 
prepared from the green portion of amitrol-treated plants were 
strikingly similar to those obtained from control homogenates. The 
only exception was the polyphenol oxidase activity of 9-lay-old 
plants. 

Ascorbic acid oxidase activity of chlorotic tissue closely paralleled 
that of both control and treated green plants. Polyphenol oxidase, 
however, was considerably lower in chlorotic tissue of 7-dlay-old 
plants than in either of the other tissues, increased to a maximum 
in 9-day-old plants, then decreased on the 11th day to a level quite 
comparable to that of the other tissues. 

Ascorbic acid oxidase seemed to predominate over polyphenol 
oxidase only in |1-day-old tissue. No large differences in ascorbic 
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Figure 1. Maximal oxidation of ascorbate and catechol in corn homogenates 
The oxidation of ascorbate and catechol are indicative of the activity of 
ascorbic acid oxidase and polyphenol oxidase respectively. 


acid oxidase activity between control and chlorotic tissues were 
found in these experiments regardless of plant ages. 


Effect of light intensity on the activity of ascorbic acid oxidase and 
polyphenol oxidase in control and chlorotic plants. 

Light intensity has a profound effect on the synthesis of ascorbic 
acid in plants. It was felt that light might also be associated with 
ascorbic acid oxidase activity. This possibility was first studied by 
growing control and chlorotic plants under reduced light intensity 
in the greenhouse. Shading was accomplished by placing plants 
under a canopy made of cheesecloth. Plants under this canopy 
received only 60 percent of the light which unshaded plants received. 
Light intensity varied considerably, however, during the growth 
period due to several days of intermittently cloudy weather. 

When the plants were 11 days old, they were harvested and deter 
minations of ascorbic acid oxidase and polyphenol oxidate activ 
ities were made. Results are shown in Figure 2. The only significant 
change found in oxidase activity due to shading was a reduction in 
polyphenol oxidase activity of control tissue (Figure 2A). Shading 
also caused small reductions in polyphenol oxidase of chlorotic 
tissue (Figure 2A) and in ascorbic acid oxidase of both control and 
chlorotic plants (Figure 2B). Ascorbic acid oxidase activity of the 
chlorotic tissue was approximately twice as great as polyphenol 
oxidase activity but even so, the activity of this enzyme was only a 
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Figure 2. Oxidation of catechol and ascorbate in homogenates of con 
trol and chlorotic tissue grown under different light intensities in 
the greenhouse. Arrows indicated tip-in of substrates. The oxidation 
of catechol and ascorbate are indicative of the activity of poly 
phenol oxidase and ascorbic acid oxidase, respectively. 








34 WeEEDs 


fraction of that which had been demonstrated in chlorotic tissue 
the previous year. 

To study the effect of light on terminal oxidation under more 
uniform light conditions, plants were grown at 20°C. and constant 
light was supplied with incandescent and fluorescent light bulbs. 
The unshaded plants were exposed to a light intensity of approxi- 
mately 200-foot candles while shaded plants received approximately 
110-foot candles of light. The day length (hours of light per day) 
was 16 hours. The oxidation data obtained in homogenates pre- 
pared from the plants are presented in Figure 3. 

Shading the plants caused an increase in polyphenol oxidase activ- 
ity of chlorotic tissue and a decrease in polyphenol oxidase of con- 
trol tissue (Figure 3A). Shading had an opposite effect on ascorbic 
acid oxidase activity in that it decreased in chlorotic tissue when 
shaded and slightly increased in control tissue (Figure 3B). 


Effect of growth temperature on respiration and terminal oxidation 
of control and chlorotic plants. 

Control and chlorotic plants were grown in two constant tempera- 
ture rooms at 20° and 30°C. Plants grown at 20°C. had a large 
portion of their terminal oxidation mediated through ascorbic acid 
oxidate. Estimations of terminal oxidase activity were also made on 
plants grown at 30°C., but variable results were obtained. These 
plants generally had the same levels of both ascorbic acid oxidase 
and polyphenol oxidase although the activities of both were low. 
It was known that plants grown in the greenhouse at 30—35°C. had a 
predominance of polyphenol oxidase and that those grown at 20°C. 
predominately exhibited ascorbic acid oxidase activity, so a compara. 
tive study of these groups of plants was made. 

The effect of temperature on the respiration of control and 
chlorotic plant tissue is shown in Figure 4. The respiration of the 
greenhouse chlorotic tissue was much higher than either the green- 
house-grown control plants (Figure 4B), or both chlorotic and con- 
trol plants grown at 20°C. (Figure 4A). The respiration of green- 
house-grown control tissue, on the contrary, was lower than that of 
control plants grown at 20°C. This is somewhat surprising since 
the greenhouse temperatures, though variable, were generally 30 
to 35°C. The respiratory quotients of the control plants approached 
unity in all cases. The chlorotic greenhouse-grown tissue had respira- 
tory quotients of 0.81 to 0.88 which suggests that this tissue might 
have been metabolising either proteins and/or fats. The chlorotic 
tissue from the 20°C. room had respiratory quotients which varied 
from 1.09 to 1.14. This perhaps suggests the oxidation of small 
quantities of organic acids along with carbohydrate metabolism. 

Ascorbate and catechol oxidation data obtained using homog- 
enates of these plants are presented in Figure 5. These data sub- 
stantiated those of previous experiments in that greenhouse plants 
showed a predominance of polyphenol oxidase while plants grown 
at 20°C. showed greater ascorbic acid oxidase activity. Thus it 
would seem that control plants can shift from one predominant 
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Figure 3. Oxidation of catechol and ascorbate in homogenates of con 
trol and chlorotic tissue grown under different light intensities of 
20°C. Arrows indicate tip-in of substrates. 
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Figure. 4. Gas exchange of control and chlorotic corn tissue. Numbers 
indicate respiratory quotient. Greenhouse temperature was gen 
erally 30°-35°C. 


terminal oxidase system to another without the shift being reflected 
in the respiratory quotient. In chlorotic tissue, however, a respiratory 
quotient less than unity seems to indicate the predominance of poly- 
phenol oxidase while a respiratory quotient of unity or above seems 
to indicate predominance of ascorbic acid oxidase. 
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Figure 5. Oxidation of ascorbate and catechol in homogenates of con 
trol and chlorotic corn tissue. Arrow indicates tip-in of ascorbate 
and catechol. Greenhouse temperature was generally 30°-35°C. 
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SUMMARY | 


1. Amitrol had little effect on the respiration of detached corn 
leaves regardless of the method of application or length of treat 
ment. Amitrol-induced chlorotic tissue respired more rapidly than 
did control tissue. 

2. Control and amitrol-induced chlorotic corn plants possessed 
certain mechanisms whereby the enzyme responsible for the pre- 
dominant portion of the terminal oxidation varied with the environ- 
mental conditions under which the plants were grown. 

3. The age of eae light intensity and air temperature were 
studied and found to play an important role in determining which 
enzyme would mediate terminal oxidation. Of these factors it 
appeared that temperature and age of plants were most important. 

4. The respiratory quotients of chlorotic tissue grown at 20°C. 
were slightly higher than unity while those of chlorotic plants 
greenhouse-grown at 30°-35°C. were less than unity. Control, tissue 
generally had respiratory quotients approaching unity regardless of 
the conditions under which it was grown. 
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An Explanation for the Selective Control of 
Barnyardgrass in Rice with CIPC 


Joun B. Baker! 


yp isopropyl N-—(3-chlorophenyl)carbamate (CIPC) is being 
recommended for use on a limited acreage* to control barnyard- 
grass (Echinochloa species) in drilled rice, it was of interest to the 
author to investigate the mechanism of selectivity involved. 
Although a difference in sensitivity among graminaceous plants to 
isopropyl N—phenylcarbamate (IPC) (1, 6, 7) and CIPC (6) has been 
recorded, the author was unable to find any explanation for this 
difference. Observations in the field indicated that Echinochloa 
seedlings were killed regardless of the depth at which the seed was 
located; whereas, most rice seedlings escaped injury if the seed was 
planted sufficiently deep. There appeared to be, however, a differ- 
ence in response among varieties of rice.* The following investi- 
gation was initiated to explain the differential response among 
varieties; however, the conclusions were expanded to explain the 
selective mechanism for controlling barnyardgrass in rice. The data 
presented in this paper are representative of results obtained in a 
series of experiments on this subject. 


METHODS 


Flats of Lintonia silt loam soil were sub-irrigated until the soil 
was saturated. They were then allowed to dry until the soil became 
friable, at which time rice was planted. Nine varieties were planted 
in each flat. Three flats were planted with the seed covered by one 
inch of loose soil and three with the seed covered by one and one-half 
inches of loose soil. The flats were then treated with CIPC at the 
rate of six pounds per acre in a volume of 20 gallons per acre. The 
flats were then placed in the greenhouse and watered from above 
as needed to insure germination. Emergence of seedlings began 4 
days after planting, and two weeks after planting, the seedlings 
were washed from the soil, keeping each variety separate. Measure- 
ments of the distances from the soil surface to the seed and from the 
soil surface to the first node were then taken on each seedling, and 
it was noted whether or not the seedling was injured. 

Barnyardgrass seed were placed on moist paper towels in an 
enamel tray which was then covered with aluminum foil to exclude 
light. After three days the aluminum foil was removed, and the 
tray covered with cellophane and placed under continuous light 
for 24 hours. This treatment was necessary to assure germination. 
The seed were then planted in flats at Y%, 1, and 1% inch depths 
and treated with CIPC just as the rice varieties. The same measure- 
ments were made after washing the seedlings from the soil. 


‘Assistant Professor, Plant Pathology Department, Agricultural Experiment 
Station, Louisiana State University, Baton, Rouge, Louisiana. 

*Smith, R. J., Jr. Private communication. 

*Jodon, N. E., 47th Annual Progress Report, Rice Experiment Station, Crow 
ley, Louisiana. 
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After the data were collected, regression coefhcients were calcu- 
lated for the node depth-seed depth relationship for each variety. 
By coding the injured plants as | and the uninjured plants as 2, it 
was possible to calculate correlation coefficients on the injury-node 
depth and injury-seed depth relationships. 


RESULTS AND DiIsCUSSION 


Figures 1, 2, and 3 are scatter diagrams showing the node depth, 


> =» © 


seed depth and injury relationships of three of the varieties. The 
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Figure 1. Scatter diagram of Bluebonnet 50 seedlings showing the line of regres 
sion of node depth on seed depth and the mean node depth and seed depth. 
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Figure 2. Scatter diagram of Magnolia seedlings showing the line of regression 
of node depth on seed depth and the mean node depth and seed depth. 


mean values for seed depth and node depth and the lines of regres- 
sion of node depth on seed depth for all nine rice varieties and barn- 
yardgrass are shown in Figure 4. Table | gives the correlation 
coefficients for the injury-node depth and injury-seed depth relation- 
ships. 
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Figure 3. Scatter diagram of. Nato seedlings showing the line of regression of node 
depth on seed depth and the mean node depth and seed depth. 


Figure 5 shows the appearance of the rice seedlings at the time 
measurements were made. Note the treated Nato seedling which 
shows typical CIPC injury to rice. Injured seedlings are stunted, 
the leaves are dark green, and no adventitious roots develop at the 
first node which becomes dark brown. 





BAKER : BARNYARDGRASS IN RICE 13 





_O 
si | 
2 
3 
4 
. 
$5 S 
a Lf 6 
s x 
= 7 
= 8 
a +2 
uJ 
O 
iJ 
oO a 
© ‘5 
Zz 
ru) 
ss 9 
e 10 











¥ T ’ 


5 10 Ss 29° see> cee 
SEED DEPTH (MM) 


Figure 4. Lines of regression of node depth on seed depth and node depth and 
seed depth means for: (1) Sunbonnet, (2) Rexora-Red, (3) Rexora, (4) Blue 
bonnet 50, (5) Zenith, (6) Toro, (7) Magnolia, (8) Texas Patna 49, (9) Nato, 
and (10) Barnyardgrass. 


Bluebonnet 50 (Figure 1) is typical of the varieties which have a 
high regression of node depth on seed depth. In this case there is 
very little difference between the injury-node depth and injury-seed 
depth correlation coefficients. Magnolia (Figure 2) is typical of the 
varieties which have a lower regression of node depth on seed depth. 
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Figure 5. Rice seedlings at time of measurement. Left pair, Nato. Center pai: 
Sunbonnet. Right pair, Rexoro. Right seedling of each pair from treated flat 
lop marker represents the soil surface and the lower marker represents the 
one inch depth 
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Table 1. Correlation coefficients. 


Injury Injury 
Variety 
Node depth Seed depth 

Sunbonnet .28 33 
Rexoro—Red 67 59 
Bluebonnet 50 73 .68 
Rexora .45 .27 
Magnolia 65 35 
Toro 73 .63 
Zenith 62 .27 
Texas Patna 49 64 31 
Nato * 
Barnyardgrass * * 
All varieties ‘ 66 . 31 


*100 per cent injury 


In these varieties the injury-node depth correlation coefficients are 
considerably higher than the injury-seed depth correlation coefh- 
cients. Nato variety (Figure 3) has a regression coefhcient which is 
not significantly different from zero, but since all plants were injured 
no correlation coefficients for the injury-node depth or injury-seed 
depth relationships could be calculated. 

From these data it appears that the depth of planting is correlated 
with injury only as long as there is a regression of node depth on 
seed depth. The fact that Nato variety, which has no regression of 
node depth on seed depth, was injured at all planting depths cor- 
roborates this point. 

Barnyardgrass, like Nato variety, has no regression of node depth 
on seed depth but develops its first node near the soil surface regard- 
less of seed depth. Figure 6 shows the appearance of treated and 
untreated barnyard grass seedlings. 

It has been clearly demonstrated that root uptake is the primary 
means of entrance of IPC into the plant (2, 4). Ennis (5) explained 
the increased tolerance of older cereal plants to IPC as being due 
in part to the fact that the older plants may have a deeper root 
system. Crabtree and Loeffler (3) also reasoned that older plants 
show less response because of the roots being in soil below CIPC 
penetration. 

\lthough no determinations were made on the movement of the 
CIPC in the soil in these experiments, the rice injury-node depth 
observations indicate that it remained near the soil surface. 

In light of these data, it is suggested that the selective control of 
barnyardgrass in drilled rice is due to the fact that the grass seed- 
lings produce the first node at the soil surface where the CIPC 
concentration is high; whereas, most varieties of rice, when planted 
sufficiently deep, produce the first node in soil into which CIPC 
has not moved and thereby escape injury. 


SUMMARY 


Data are presented to show that injury to rice seedlings from pre- 
emergence treatment with CIPC is dependent upon the develop- 
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Figure 6. Echinochloa seedlings 
Seedling on the right is from 
a treated flat. Top marker 
represents the soil surface and 
the lower marker represents 
the one inch depth. 


ment of the first node near the soil surface. Echinochloa seedlings 
produce their first node at the soil surface and are killed by CIPC 
treatment; whereas, rice seedlings which develop the first node well 
below the soil surface escape injury. It is suggested that selective 
control by CIPC is obtained because of this difference in the mor- 
phology of the seedlings. 
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Molecular Structure and Herbicide Adsorption' 


A. C. Leoroip, P. vAN SCHAIK and Mary NEAL? 


-. physical adsorption of chemical substances onto surfaces in 
soils or inside plants has been of considerable interest with 
respect to the fate of herbicides in soils, the selectivity of growth 
regulator herbicides, and even with respect to the toxic activities of 
growth regulators in plants. Comparative measurements of the 
adsorption of various herbicides are limited in number and scope. 
Experiments are presented here which attempt to measure the rela- 
tive adsorptive qualities of various chlorinated phenoxyacetic acids, 
and to provide some evidence concerning the bearing of adsorption 
on herbicidal action. 


METHODS 


As an adsorbing medium activated carbon was selected (Atlas 
Powder Company) following the report by Weaver (9) that 2,4—D 
is strongly adsorbed on it. Since the adsorbing quality of a slurry of 

carbon in water changes with time, care was taken to always use a 
ests which had been made up within a few minutes of the test. 
Unless otherwise indicated, the tests were run as follows: 5 ml of 
carbon slurry were added to 5 ml of the phenoxyacetic acid or othe 
acid being tested to make a mixture of 400 mg/L carbon in 10°*M 
acid. The mixture was shaken on a Burrell Shaker for ten minutes, 
and then drawn through a steel suction filter fitted with Whatman 
#1 filter paper. The absorbance of the filtered solution was meas- 
ured in a DU spectrophotometer at 230 mu, which value was then 
taken as a measure of the acid remaining in the unadsorbed state. 
The results are expressed as the per cent difference between this 
reading and the absorbance at the same wavelength of the same 
solution diluted with water instead of with carbon slurry. Each value 
reported here is the average of at least four measurements from 
separate runs. 

Adsorption was also measured by radioactivity on the carbon 
following exposure to 2,4—-D tagged at the carboxyl carbon. To a 
10 ml aliquot of carbon slurry was added | ml of radioactive 2,4—D 
such as to provide the final concentration of 2,4—D desired. The 


solution was shaken for five hours before suction filtration. The 


filter paper was placed directly into a counting cup, dried, and 
counted for radioactivity in a windowless gas flow counter. The 
2,4-D at 10°°M had a total radioactivity of 2713 cpm per ml; all 
radioactivities are corrected for background. Each value reported is 
the mean of 3 to 6 replicates. 

The determination of solubilities was made as follows: Saturated 
solutions of the acids were made by shaking an excess of crystals in 

‘Journal Paper No. 1376, Agricultural Experiment Station, Lafayette, Indiana. 

“Professor of Horticulture, Purdue University; Research Agronomist, USDA, 
Brawley, California; and Assistant in Horticulture, Purdue University, 
respectively. 
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water for two days at about 25°C. Each solution was then diluted 
1:10 with water and the absorbance measured on the spectrophotom- 
eter at 280 mu. The molar concentration of this diluted solution was 
then determined by comparison with the absorbance curve for a 
known concentration series of the acid being measured. The molar- 
ity of the saturated solution was ten times that of the diluted sample. 

Adsorption of other herbicides was measured in the same manner 
as in the case of the phenoxyacetic acids, but concentrations in the 
solutions were measured at the following wavelengths: 3—(p—chloro- 
phenyl)—1,l—limethylurea (monuron) at 245 mu; isopropyl N-(3- 
chlorophenyl)carbamate (CIPC) and isopropyl N—phenylcarbamate 
(IPC) at 234 mu; N-I—naphthylphthalamic acid (NPA) at 285 mu; 
trichlorobenzoic acid (T'CB) at 230 mu; and trichloroacetic acid 
(TCA) at 205 mu. 


RESULTS 


In order to establish the quantitative nature of the adsorption 
processes in the test system, adsorption of 2,4—-D was measured as a 
function of its concentration. Serial dilutions of radioactive 2,4—D 
were exposed to the carbon for five hours. The carbon was then 
filtered off and its radioactivity was measured. Data for such an 
experiment are given in Figure 1. The concentrations of 2,4—D and 
the relative amounts adsorbed (as counts per minute) are plotted on 
a log scale in order to establish the concentration range over which 
the Freundlich adsorption theory (7) would hold: that is, that the 
log concentration adsorbed is proportional to the log concentration 
applied. It can be seen that the linear function predicted by the 
Freundlich theory holds over a concentration range from about 2 x 
10% to about 10M. 

By filtering aliquots at various time intervals after mixing 2,4—D 
with carbon slurry it was established that adsorption was almost 
complete in 90 seconds, although further small amounts were 
adsorbed over a five minute period. Heating the carbon to 95°C 
resulted in the release of 50 per cent of the adsorbed 2,4—D to the 
solution in about 2 minutes, and virtually complete release after 
60 minutes. This heat lability is expected of a simple adsorption 
system not involving chemical bonding. 

The influence of pH on the adsorption of 2,4—D was examined 
over a buffered range of 2.2 to 8.0. It was found that within this 
range there was a uniform adsorption. 

Assuming that the ring structure of the 2,4—D molecule is the 
principal site of adsorption, it seemed of interest to determine the 
effects of chlorination of the ring on the adsorptive qualities of the 
molecule. One can compare various compounds on the basis of 
equimolar solutions presented to the carbon, or one can compare 
them on the basis of equal levels of saturation of the solutions 
presented to the carbon. The latter method would be expected to 
be less altered by differences in the solubilities of the compounds 
being compared. In order to compare the phenoxyacetic acids on 
the latter basis, we first established the solubilities of these chem- 
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Figure 1. The adsorption of radioactive 2,4—-D on carbon 
as a function of the concentration of the 2,4—D. 


icals. The solubilities are presented in Table 1, from which it can 
be seen that the unsubstituted phenoxyacetic acid is much the most 
soluble member of the series, and in general, substitution of chlorine 
atoms onto the ring lowered the solubility, the lowest solubility 
being found for the 2,3,4,5,6—-pentachlorophenoxyacetic acid. 

By the use of optical density assays, the adsorption of the various 
chlorinated phenoxyacetic acids was compared by both methods— 
at equal molarities and at equal per cent saturations. The results 
of these comparisons are given in Table 2. It will be seen that the 
»arent compound, phenoxyacetic acid, was adsorbed onto the car- 
on the least of all of the compounds tested, and adsorption was 
consecutively increased by one, two or three chlorine substitutions. 
Further increases in chlorination did not result in further increases 
in adsorption, judging from the equimolar data. The increase in 
adsorption with one, two or three chlorinations is evident in the 
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Table 1. The solubilities of various phenoxyacetic acids in water. 


Chlorination Solubility (x 10-*M) 


Phenoxyvacetic acid 110. 
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,3,4,6-Cl 0.39 
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2,3,4,5,6-Cl 0.18 


results of both types of tests, and the differences are somewhat 
greater when examined by the equal saturation type of analysis 
than by the equimolar type. 

From the data reported in Tables | and 2, one would deduce 
that adsorption of these materials bears some relation to their solu- 
bilities. This feature is further illustrated in Figure 2, where each 
of the phenoxyacetic acids is plotted as a single point on the basis 
of its solubility and its adsorption onto carbon. It will be seen that 
there is_a striking inverse correlation between solubility and adsorp- 


Table 2. The adsorption of various phenoxyacetic acids onto charcoal. 10-‘M 
or 20°, saturated solutions with 400 mg/L charcoal. 


Per cent adsorption from 
Chlorination 
Equimolar concentrations Equal saturation solutions 


Phenoxyacetic acid + 6 
2-Cl 29 28 
3-Cl 35 19 
4-Cl 35 43 
2,3-Cl x 58 72 
2,4-Cl 49 57 
2,5-Cl 48 60 
2,6-Cl 32 33 
3,4-Cl 46 68 
3,5-Cl 53 47 
2,3,4-Cl 64 89 
2,3,5-Cl 64 
2,3,6-Cl 43 74 
2,4,5-Cl 65 88 
2,4,6-Cl 51 83 
3,4,5-Cl 70 92 
? 3,4,6-Cl 59 95 
96 
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Figure 2. The relation of solubility of various chlorinated phenoxyacetic acids 
to their adsorption onto charcoal. The adsorption of each compound tested 


(10-*M) is represented by one point. The correlation coefficient is —0.9901. 


tion, the compounds with greatest solubility being least readily 
adsorbed, and those with least solubility most heavily adsorbed. 

Extending this method of comparison to other herbicides, the 
relative adsorptions of equimolar concentrations of 7 herbicides 
are presented in Table 3. It is not surprising to find that the least 
soluble herbicides, monuron, CIPC and IPC, are the most adsorbed 
onto carbon; NPA, 2,4—D, 2,4,5—-T, and the chlorinated benzoic 
acids are intermediate in this property, and TCA is very little 
adsorbed. 


Table 3. The adsorption of some common herbicides onto charcoal. 10-'M 
solutions with 400 mg/l. charcoal. 


Herbicide Per cent adsorption 
Monuron 98 
CIPC 98 
IPC % 
NPA 82 
2,4,5-T 65 
2,4-D 49 
TBA* 32 
TCA 1% 


®The trichlorobenzoic acid was principally the sodium salt of 2,3,6-TBA (E, I. duPont Company 


product). 
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DISCUSSION 


It has long been known that soils capture large amounts of herbi- 
cides through adsorption, but attempts to measure this function in 
soils have been complicated by the interference of leaching charac- 
teristics of the herbicides (4). Quantitative methods of measuring 
adsorption of some herbicides have been developed (3, 5, 6), but 
studies have not progressed far enough that one could compare 
members of a series and make deductions about the characteristics 
of herbicides that influence their adsorption. 

The measurements reported here indicate that changes in the 
structure of the aromatic ring of phenoxyacetic acids have profound 
effects on their adsorption onto charcoal. Within this series, molec- 
ular changes which reduce the water solubility of the growth 
regulator also enhance the adsorption properties. For pre-emergence 
herbicides, strong adsorption characteristics are essential in ordet 
to minimize movement of the herbicide through the soil. 

The adsorption values measured here are suggestive of the polaro- 
graph measurements made by Veldstra (8), from which he deduced 
that certain physical properties were characteristic of substances 
with auxin activity. It is interesting to note that the strongest auxins 
have intermediate adsorption values, and within the dichlorinated 
series, the poorest auxin (2,6-dichlorophenoxyacetic acid) has the 
lowest adsorption value. Within the trichlorinated series, the poor- 
est auxins (2,3,6-trichlorophenoxyacetic acid and 2,4,6—trichloro- 
phenoxyacetic acid) also have the lowest adsorption values. 

Hellstrom (2) has noted that the toxicity curves for auxins are 
remarkably like the adsorption curves for such substances in the 
Langmuir trough. It is quite possible that the toxic reactions them- 
selves are related to adsorption functions of these molecules inside 
plants. Brian and Rideal (1) have provided some evidence that 
selectivity of herbicides may be related to the differences in adsorp- 
tion of these herbicides in different species. The property of adsorp- 
tion, then, may be related not only to the mobility of pre-emergence 
herbicides in soils, but also to the actual toxic reactions of herbi- 
cides in the plant and the selectivity functions as well. 


SUMMARY 


The adsorption onto carbon was measured for 17 of the chlori- 
nated derivatives of phenoxyacetic acid. It was found that one, two, 
and three chlorine substitutions in the pheny| ring increased the 
adsorption properties of the molecule. A strong inverse correlation 
between the adsorption and solubility was found, phenoxyaceti« 
acid being most soluble and least adsorbed of the series, and succes- 
sive chlorinations decreasing solubility and increasing adsorption 
onto charcoal. 

Grateful acknowledgement is made to Amchem Products Incor- 
porated, Ambler, Pennsylvania, for supplying most of the chlori- 
nated phenoxyacetic acids tested. 
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a Ackeng: Develépment of Canada ‘Thistle and 
' Perennial Sowthistle’ 


Lyte A. DeRSCHEID and Rosert E. ScHULTz? 


ANADA thistle was named Carduus arvensis by Tabernaemonta- 
C nus in 1687, Cirsium arvense by Tournefort in 1700, Serratula 
arvensis by Linné in 1753, Cirstum arvense by Scopoli in 1772, 
Carduus arvensis by Robson in 1777 and Cnicus arvensis by Hoff- 
man in 1804 (2). The name Cirsium arvense Tourn. was adopted 
(2), but more recently Canada thistle has been referred to as Cirsium 
arvense (L.) Scop. (3, 11). The cardinal number of chromosomes for 
the Cirstum genus is 17 (1). 

There are at least two species of perennial sowthistle in North 
America. Sonchus arvensis L. has long glandular-hispid peduncles 
and involucres covered with lead-colored glandular phyllaries; 
whereas, the other species has glabrous involucres and peduncles 
(3). The second species was reported to be more common in North 
Dakota (9) and Western Canada (4). The smooth species has been 
classified as S$. arvensis, variety glabrescens Guenth., Grab. and 
Wimm. and as S. uliginosus Bieb. It was established in 1955 that 
both classifications are correct, but for two different species (12). 
The species S. arvensis has a chromosome complement of 54, while 
S. uliginosus has only 36. Some strains containing a complement of 
15 chromosomes are thought to be hybrids. The sowthistle used in 
this study were glabrous and were identified as $. uliginosus Bieb. 

All flowers of an individual Canada thistle plant were found to 
be either staminate or carpellate (2). In the staminate head, stig- 
matic surfaces do not develop. In the carpellate head, there is no 
pollen present on the stigmatic surface when the corolla opens. 
This species is, therefore, dioecious and cross-pollinated. 

Perennial sowthistle, on the other hand, possesses perfect flowers. 
Knuth is quoted (9) as having stated that the coiling of the style 
branches of the pistil could result in self pollination. However, in 
greenhouse observations where insects were almost entirely absent, 
flowers of S. uliginosus failed to set seed (9). These and other obser- 
vations (7) indicate that the species is almost completely self-sterile. 
Isolated patches of perennial sowthistle in Iowa very seldom set 
seed. Self- or close-pollinated flowers from the same head or from 
heads in the same colony produced no seeds, while flowers cross- 
pollinated with pollen from a distant patch produced almost as 
many fruits as there were flowers in the head. 

Canada thistle flowers are very fragrant and attractive to honey- 
bees (2). The perfume of the female floret is stronger and similar 

*Reséarch done ‘with funds allocated by North Central Regional Project 10, 
Subproject 3. 

2Agronomis: and. Graduate Research Assistant deceased, respectively, South 
Dakota State College. 


Approved for publication by the Director of the South Dakota Agricultural 
Experiment Station as Journal Series No. 425. 
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to vanilla, but the male florets are not strongly scented (5). Numer- 
ous species of insects have been observed (8) visiting Canada thistle 
flowers, and Knuth is quoted (9) as having observed bumble bees 
and hover flies visiting perennial sowthistle in Europe. Insect 
visitors observed in North Dakota were blister beetles and small 
bees (9). 

The interval from the time that perennial sowthistle flowers 
opened until the achene was mature was about ten days (9). In 
heads containing some seeds, the undeveloped fruits elongate as 
normal ones, but in heads where all the flowers are infertile, fruits 
reach only half the usual length and are discolored. 

The objectives of the study reported in this paper were to: (1) 
learn more about whether sowthistle was cross- pollinated, (2) learn 
more about the role of insects in pollination of both Canada thistle 
and perennial sowthistle, (3) determine the age of flowers of both 
species when the fruits became viable and (4) to determine the 
latest date that either species could be mowed to prevent the 
production of viable achenes. 

The 14 experiments in this study were divided into three groups: 
(1) those concerned with pollination, (2) those concerned with the 
age of flowers when achenes became viable, and (3) those concerned 
with the age of flowers when mowing would prevent the production 
of viable seed. 


POLLINATION 


The authors observed wild bees and a species of black beetle 
working in thistle patches at flowering time. They also observed 
that pistillate heads of Canada thistle, growing in a depression 
200 yards across a raised highway from the nearest staminate heads, 
produced seed. Although seed set was light, it appeared that the 
pollen must have been carried by insects rather than by wind. 
Because of these observations, the authors decided to compare 
honey bees and air currents as pollinating agents. 


Pollinating Agents 


Cuttings of Canada thistle were transplanted into a 4-foot 
20-foot greenhouse bench during the summer of 1955. Cuttings from 
staminate and pistillate plants were planted at a ratio of one to 
five. Similarly, cuttings of perennial sowthistle were transplanted 
into another bench. 

When Canada thistle plants started flowering during the wintet 
of 1955-56, honey bees were released in the greenhouse and 175 
pistillate heads were tagged. There was an average of | staminate 
plant for each square yard of bench. The bees were removed, and 
the pistillate heads allowed to mature. They produced an average ol 
43.5 mature achenes per head. One hundred new pistillate heads 
were tagged, and an 18-inch fan was used to blow air across the new 
crop of heads for 9 hours a day for 2 weeks. There were 3 staminate 
heads per square yard of bench. The tagged heads were allowed to 
mature and they produced an average of 0.76 mature achenes pet 
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head. The bees were returned to the greenhouse, and the plants 
produced seed again. 

During the winter of 1956-57 this experiment was repeated on 
the same Canada thistle plants: One hundred pistillate heads were 
tagged, and there were 0.25 staminate heads per square yard while 
the bees were in the greenhouse. They produced an’ average of 45.6 
mature achenes per head. Sixty-three heads were tagged, and there 
were 0.49 staminate heads per square yard while the fan was being 
used. An average of 0.21 mature achenes was developed by each 
head. 

No fruit was produced by the perennial sowthistle plants the first 
year, consequently, a sowthistle experiment was conducted in the 
same manner during the second winter. One hundred heads were 
tagged before the bees were introduced, and an average of 57.7 
mature achenes was produced per head. A second crop of 100 heads 
was tagged before the fan was put in use and an average of only 
0.84 achenes per head was developed. 


Sources of Pollen 


Since sowthistle seed production was stimulated by the use of 
bees as a pollinating agent, it appeared that this species might be 
cross-pollinated. Other observations produced similar evidence (9). 

During the winter of 1956-57, 100 heads of perennial sowthistle 
were pollinated with their own pollen. Ninety-one failed to pro- 
duce fruit, but the other 9 produced 1548 achenes. Only one seed 
germinated. At the same time 100 heads were pollinated with pollen 
from other heads on the same plant. Ninety-five failed to produce 
seed, but the other 5 produced a total of 637 fruits and all failed to 
germinate. Ten heads which were cross-pollinated with heads on 
different plants produced an average of 47.9 mature fruits per head, 
of which 80 percent were viable. 

The following summer an experiment was conducted in the field 
in which 100 heads were selfed, 24 were closed-pollinated and 100 
were cross-pollinated. Of the selfed heads, 91 failed to produce 
fruit, 4 produced an average of 2 achenes and 5 produced an aver- 
age of 127 per head. However, none of the 637 seeds would germi- 
nate. Sixteen of the close-pollinated heads produced 1.5 achenes per 
head and the other 8 heads developed 887 fruits. Only 6 of the 911 
achenes germinated. Of the cross-pollinated heads, 81 produced an 
average of 45.9 achenes of which 68 percent were viable. Five heads 
produced an average of less than 5 seeds and 14 did not develop 
achenes. 

These results are in close agreement with those obtained by 
others (7, 9). They indicate that close- or self-pollinated flowers 
receiving pollen from other flowers in the same head or from other 
heads on the same plant do not produce many seeds, and those that 
do develop are not viable. The fruit appeared to be somewhat 
shriveled, indicating that all parts may not be present. It is possible 
that examination under a microscope would reveal that the 
embryo did not develop. However, all the seeds had been used in 
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germination tests before it was realized that this possibility existed. 

When flowers were fertilized with pollen from other plants, they 
generally produced the normal number of fruits per head, and the 
normal number of them germinated. However, a few heads pol- 
linated in the field did not produce seed. It is possible that poor 
technique was used in transferring the pollen, or that heat from the 
sun may have killed the pollen after it was transferred, and the 
paper bags replaced over the head. It is also possible that pollen 
was actually transferred from a different shoot of the same plant, 
because some transfers were made between plants growing in the 
same patch. 


AGE OF FLOWERS WHEN Fruits BECOME VIABLE 


In a preliminary experiment, all flowers on a patch of perennial 
sowthistle were removed on July 17, 1955. The next day, tags were 
placed on heads that opened during the intervening 24-hour period. 
‘Twenty heads were harvested on each of the fourth through the 
ninth days after they opened. The heads were air dried and threshed. 
The achenes from heads harvested on a given date were bulked. 
The fruits from heads 4 days old were 16 percent viable; 5 days, 7 
percent; 6 days, 25 percent; 7 days, 68 percent; 8 days, 83 percent; 
and 9 days, 83 percent. 

In a second experiment, the flowers were removed from all plants 
in a patch on July 16, 1956. The next day, 400-500 heads that had 
opened during the intervening 24-hour period were marked with 
white tags. A day later, 700 newly opened heads were marked with 
red tags. Seventy-five heads were harvested on each of the third 
through eleventh days after they opened. They were air dried and 
twenty heads for eac h date were threshed separately. The number 
of achenes was counted, and those from each head were germinated 
separately. A third experiment was conducted in the same manner 
during 1957. Twenty heads for each date were germinated in 1957, 
and 10 were handled in the same way after being stored for one year. 

The mean number of achenes produced in each sowthistle head 
at various ages in 1956 and 1957 and the percentage viability of 
these achenes are given in Table 1. 


Table 1. Number of perennial sowthistle achenes and their viability at 
various ages. 


No. of achenes OPS! ee 
Days after blooming per head 

1956 | 1957 1956 1957 1957 
3 45 0 0 
6 79 21 0 10 7 
76 22 21 44 16 
8 61 27 77 59 59 
9 80 29 89 58 25 
10 65 40 81 77 34 

72 84 


11 2 


*Germination after being held in storage one year. 
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lable 2. Number of Canada thistle achenes and their viability at 
various ages. 


No. of achenes Per cent viable seeds 
Days after blooming per head 
1956 1957 1956 | 1957 | 19578 

6 50 65 0 1 | 0 
7 80 0.6 0 
8 75 13 7 
9 53 80 1 80 28 
10 41 83 12 79 39 
11 47 75 85 R5 49 
12 56 82 91 87 29 
13 42 80 85 77 6 
14 61 77 91 73 31 
15 63 76 82 77 20 
16 47 90 

17 42 90 

18 33 88 

19 15 78 


“Germination after being held in storage one year 


‘Two Canada thistle experiments conducted during 1956 and 1957 
were very similar to the perennial sowthistle experiments during 
the same years. The number of achenes per head and the percent- 
age germination for these fruits are given in Table 2. 

An average of 60 to 80 achenes developed in sowthistle heads in 
1956; whereas, between 20 and 40 developed in 1957. The reason for 
this difference is not apparent. Different patches were used for the 
two experiments, but they were in the same field. It is possible 
that fewer insects were working in 1957, and it is also possible that 
early above-normal rainfall followed by rather dry weather during 
pollination and seed development in 1957 may have had some effect 
on seed set. 

The reverse trend was found in Canada thistle as between 40 and 
60 achenes per head developed in 1956 and between 65 and 85 
developed in 1957. This difference may be due to the fact that the 
two patches used were in two different fields, and the second one had 
much better growing environment. Some shattering was observed 
when heads were left on the plants longer than 15 days in 1956. 

Viable fruits were produced | or 2 days earlier in 1957 than in 
1956. Ten to 20 percent germinated from heads that were harvested 
6 or 7 days after they opened for sowthistle, but most of them did 
not germinate until a day later, which is in close agreement with 
other data (9) which indicated that 8 percent of 4-day old fruits 
would germinate and 77 percent of those 6 days old were viable. 
Similar results were obtained with Canada thistle. On the tenth day 
in 1956 and the eighth day in 1957, 12 percent of the fruits were 
mature enough to germinate, and over 80 percent were viable one 
day later during each year. 

Such results indicate that flowers of perennial sowthistle must 
be 6 or 7 days old, and that Canada thistle flowers must be 8 or 10 
days old before fruits are mature enough to germinate. The few 
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that germinated on these days probably were produced at the edge 
of the head. Those near the edge of the head open and mature 
earlier than those in the middle (6). Those near the middle, how- 
ever, probably are not more than 24 hours younger, because a high 
percentage of achenes were viable a day later. 

The freshly matured seeds had a higher germination percentage 
than those obtained in the same experiment and stored in a warm 
building for | year before being threshed. The difference was 
greater for Canada thistle than for sowthistle as is shown in Tables 
1 and 2. There does not appear to be any correlation with age 
and reduced germination percentage. These results are in slight 
disagreement with other results (9) which indicate that sowthistle 
seeds germinate well after being stored for 3 years. It is probable, 
however, that the latter data were obtained from seeds that were 
threshed before being stored. 

It is quite apparent that a farmer need not be concerned about 
thistle buds in his seed grain. In the first place, they must be open 
before they can pollinate, and in the second place, they must be 
open a week or more before the achenes are mature enough to 
germinate. Although there is no possibility of the buds containing 
viable seed, there is still a possibility when older heads are threshed 
that individual thistle achenes may be distributed through the grain. 


MOoOwING TO PREVENT SEED PRODUCTION 


During 1956, perennial sowthistle heads were tagged the day they 
opened, and some plants were mowed daily on the fourth through 
eleventh days after the heads opened. They were allowed to dry in 
the field for 3 days. From 5 to 15 heads from each date of mowing 
were threshed and germinated as in the above experiments. A 
similar experiment was conducted in 1957. Plants containing about 
50 tagged heads were mowed on the fourth through fifteenth day 
after the heads opened. Twenty heads from each date were threshed 
and germinated. 

At the same time, 2 Canada thistle experiments were conducted 
in the same manner. Eight to 20 heads were collected, threshed and 
germinated for each mowing date (fourth through seventeenth day, 
except for tenth day, after flowers opened) in 1956. Fifty to 100 heads 
were mowed on the fifth through sixteenth day in 1957, and 20 were 
threshed, counted and germinated separately. 

Although it was known that achenes were not viable on heads that 
had been open less than 6 days when they were removed from the 
plant, it was felt that achenes on mowed plants might develop 
from food stored in the plant. In 2 sowthistle and 2 Canada thistle 
experiments, the percentage of viable seeds from heads of plants 
mowed at various stages of growth was very similar to the percent. 
age of viable seeds from heads that were removed from plants at 
the same age. The data are given in Table 

When mowing of sowthistle was delayed until the eighth day 
after heads opened in 1956 and the sixth day in 1957, a few fruits 
were mature enough to germinate. However, many fruits were viable 
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Table 3. The percentage of viable achenes of Canada thistle and perennial sow- 
thistle after being mowed at several stages of development during two years. 


Per cent germination 


Days after blooming 


when mowed Sowthistle Canada thistle 

1956 1957 1956 1957 

4 0 

5 0 0 0 

6 0 ~ 0 0 

7 0 . 0 

5 ) 42 0 ? 

9 RO 5 49 

10 83 38 51 

11 75 95 59 

12 57 59 

13 78 66 

14 58 

15 47 


when mowing was delayed until the ninth day in 1956 and the 
eighth day in 1957. Similarly, a few Canada thistle seeds were viable 
on heads mowed the ninth day in 1956 and the seventh day in 1957, 
and the majority of them were viable on plants mowed the tenth 
or eleventh day in 1956 and the eighth day in 1957. 

Since the results are so similar to those obtained from heads 
that were removed from plants, there is a strong indication that 
very little development of thistle seed takes place on plants after 
they have been mowed. 


GERMINATIONS 


All germination tests were conducted under conditions that had 
previously proved to be quick and simple. Achenes were placed on 
moist blotters in plastic 4-inch square germination dishes. They were 
given 3 days of light, 7 days of 40° F. temperature and 20 days 
alternating temperatures with 9 hours at 86° F. and 15 hours of 
68° F. Germination readings were made twice weekly after being 
exposed to alternating temperatures. 


SUMMARY AND CONCLUSIONS 


Fourteen experiments were conducted to study achene develop- 
ment of Canada thistle (Cirsium arvense L.) and perennial sow- 
thistle (Sonchus uliginosus Bieb.). two compared bees and wind 
currents as pollinating agents for Canada thistle and one made the 
same comparisons for perennial sowthistle; two were used to help 
determine whether sowthistle was self- or cross-pollinated; three 
studied the age of heads of sowthistle when fruit became viable 
and two gave similar information on Canada thistle; two were con- 
ducted-on sowthistle and two on Canada thistle to determine the 
latest stage of growth where mowing would prevent the produc- 
tion of viable seed. The following conclusions can be drawn: 

1. Honey bees aid in the pollination of Canada thistle and per- 

ennial sowthistle. In the greenhouse they are much more 
effective than air currents. 
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2. Perennial sowthistle is a largely cross-pollinated species. Very 
few achenes develop when flowers are pollinated with pollen 
from other flowers of the same head or from flowers on other 
heads growing on the same plant. 

3. A high percentage of sowthistle achenes are viable about | 
week after the heads open—2 more days are required for Can- 
ada thistle. The exact number of days varies slightly from year 
to year. 

4. Mowing must be done before heads have been open 8 or 9 

days for sowthistle and 10 or 11 days for Canada thistle in orde1 

to prevent the production of viable seed. The exact number 
of days varies slightly from year to year. 

The viability of seed from both species may be reduced when 

they are stored in the head for a year or more. 
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The Chloro-substituted Benzoic Acids 
for Control of Field Bindweed' 


W. M. Puitiires? 


HE chloro-substituted benzoic acids discussed in this paper have 

been evaluated experimentally as soil sterilizing herbicides for 
field bindweed (Convolvulus arvensis L.) control at the Ft. Hays 
Experiment Station since 1955. The value of soil sterilization in a 
perennial weed control program in the Great Plains region is evi- 
denced by recommendations made by several state experiment sta- 
tions (1, 2, 3, 6, 9). Prior to 1950, most semi-permanent soil steriliza- 
tion was accomplished with such chemicals as sodium chlorate, boron 
compounds, and arsenicals. These compounds continue to be impor- 
tant (8) even though the poisonous qualities of arsenic compounds 
and the hazards of handling sodium chlorate are well recognized. 

Zimmerman and Hitchcock (10, 11) and Minarik et al. (4) 
reported on the physiological and growth-regulating activity of 
chloro-substituted benzoic acids, and Shaw and Swanson (7) sug: 
gested that they be evaluated as soil-sterilizing herbicides. Numer- 
ous workers have since issued progress reports and abstracts describ- 
ing the control of perennial weeds with these compounds.’ Phillips 
(5) summarized information on residual activity of the chlorinated 
benzoic acids in soil and reported that at Hays, Kansas, these chem- 
icals persisted in the soil for at least three growing seasons when 
used at rates necessary for field bindweed control. 

The purpose of the studies reported herein was to: (a) evaluate 
the chloro-substituted benzoic acids as herbicides for field bindweed 
control, (b) determine the most satisfactory time, rate, and method 
of application, and (c) study the residual herbicidal activity of the 
chemicals. 


MATERIALS AND METHODS 


Duplicate square rod plots of field bindweed were treated with 
chloro-substituted benzoic acids on several dates and at several rates. 
The compound designated as 2,3,6-TBA consisted of approximately 
60% 2,3,6-trichlorobenzoic acid and smaller percentages of various 
isomers. The polychlorobenzoic acid (PBA) consisted primarily of 
several isomers of dichloro-, trichloro-, and tetrachlorobenzoic acid. 
The third compound, designated as TBA, was made up of approxi- 
mately 50% 2,3,5—-trichlorobenzoic acid, 20% 2,3,6—trichlorobenzoic 
acid, and smaller percentages of other isomers. 

All spray applications were made with a power-operated plot 

‘Cooperative investigations of the Crops Research Division, Agricultural 
Research Service, U. §. Department of Agriculture and the Kansas Agricultural 
Experiment Station. Contribution No. 134, Ft. Hays Branch, Kansas Agricultural 
Experiment Station, Hays, Kansas. 

*Research Agronomist, Crops Research Division, Agricultural Research Service, 
U. S. Department of Agriculture. 

*North Central Weed Control Conference and Western Weed Control Con 
ference Research Reports for 1955, 1956, 1957, and 1958. 
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sprayer at 40 gallons of solution per acre. The granular compounds 
were spread by hand. Soil in the experimental area was classified 
as a Crete silty clay loam. 

The original infestation of bindweed was fairly uniform over the 
entire experimental area and averaged approximately 400 shoots 
per square rod. Plants which survived treatment were counted in 
the fall of each year. Additional plant counts, effectiveness ratings, 
and general observations were made throughout the growing season. 
In order to make the data from the various years as comparable 
as possible, the plant counts reported were those taken near the end 
of the growing season of the year following treatment. Thus a 
minimum of 12 months and a maximum of 17 months elapsed 
between treatment and the time the data were collected. 

Comparatively few applications were made in 1955 and 1956. 
The results obtained from these exploratory treatments served as a 
basis for the wider range of rates and formulations used in 1957. 
Numerous other soil-sterilizing chemicals were included in each 
experiment, but, because of its wide-spread acceptance as a soil 
sterilant, data from the sodium chlorate treatments were used as a 
standard for comparative evaluation of the benzoic acids in this 
report. 

RESULTS AND Discussion 

The sodium salt of 2,3,6-TBA was included in six of the eight 
experiments conducted during the period of these investigations. 
Sodium chlorate was used in five of these six trials. 

Table 1 compares 15 or 16 Ib/A 2,3,6-TBA, 30 or 32 Ib/A 2,3,6- 
TBA, and 960 1lb/A sodium chlorate with bindweed whiter 
on untreated plots. Except for the 16 lb/A treatment in July 1957, 
plots treated with 2,3,6-TBA had less bindweed regrowth than those 


Table 1. Regrowth of field bindweed in the fall of the succeeding year after treatment 
with sodium salt of 2,3,6-TBA or sodium chlorate, compared with untreated 
populations. 


7 


Shoots per square rod following application in 


Chemical Rate - —--, \— 
Ib/A® May Oct. | Nov. | July | Oct. | 4-date | 5-date 
1955 1955 1956 1957 | 1957 | average | average 
2,3,6-TBA 15-16 14 24 90 ~«C 16 2 14.0 29.2 
| 30-32 | 10 2 - 1 20 8.2 
Sodium chlorate..| 960 | 98 135 156 4 22 64.8 83.0 
No treatment | 369 | 335 294 220 245 292 293 





*15 and 30 Ib/A were applied in 1955. 16 and 32 Ib/A were used in subsequent tests 


treated with 960 Ib/A sodium chlorate. The action of sodium chlo 
rate may be delayed during dry weather, and moisture was deficient 
in 1955 and 1956 (Table 2). Therefore, the number of bindweed 
mpeg which remained on plots treated with sodium chlorate in 
those 2 years may be abnormally high. Likewise, because of excessive 
precipitation, plots treated in 1957 may not maintain the excellent 
control indicated. Variation in precipitation appeared to have less 
effect on the action of 2,3,6-TBA than on sodium chlorate. 
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lable 2. Inches of precipitation by months at Hays, Kansas, 1955 


through 1958. 





peter 
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Year Jan. | Feb. | Mar.) Apr. | May | June | July | Aug. 
1955 0.45 | 0.64 | 0.15 | 3.01 | 2.48 | 3.70 | 2.09 0.51 
1956 0.63 | 0.60 | 0.17 | 1.28 | 1.42 | 0.38 | 2.79 1.07 
1957 0.19 | 0.11 | 2.44 | 2.14 | 4.08 | 6.74 | 3.11 3.92 
1958 0.25 | 0.99 | 3.98 | 1.62 | 6.81 | 2.33 | 7.82 4.35 


“90-year average 


is 22.84 inches 


Sept 


7.63 
0.06 
3.49 
1.89 


Nov 


0.09 
0.05 
0.80 
0.50 


Dec. 


0.25 
0.02 
0.09 
0.13 


Total* 


21.16 

9.21 
28.33 
31.21 


Except on plots treated in November 1956, treatment with 16 
lb/A 2,3,6-TBA was highly satisfactory. The apparent ineffective 
ness of the November 1956 application cannot be explained. How- 
ever, applications of 24 Ib/A 2,3,6-TBA on this date (Table 3) 
averaged only six bindweed shoots per square rod in the fall of 1957. 


Table 3. Regrowth of field bindweed in the fall of the succeeding year following 
treatment with various rates of the sodium salt of 2,3,6-TBA and emulsifiable 
oil formulations of TBA and PBA. 


Date of application and rate 
A 


Shoots per square rod 


Ib 
2,3,6-TBA 
July 1956 
30 
Average 
Nov. 1956 
a] 172 
16 90 
24 6 
48 
Average 89 
May 1957 
& 
16 
32 
48 - 
Average 
July 1957 
tal 
16 16 
32 1 
48 
Average 8.5 
Oct. 1957 
8 826 
16 2 
24 1 
32 20 
40 3a 
48 
Average 7.7 


*Not included in the averages 


Plant counts on plots treated with 30 
consistently low. Differences between rates listed in Table | were 
relatively small and in the October 1957 test the 16 Ib/A rate 


appeared more effective than the 32 lb/A rate. 


rBA 


108 
14.0 


36 
56 


46 


397 
266 
68 


244 


44 
13 
14 
148 
438 

23.7 


or 32 Ib/A 2,3,6-TBA were 
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Table 4. Regrowth of field bindweed in the fall of the succeeding year after 
treatment with 16 Ib/A of several formulations of 2,3,6-TBA. 








Shoots per square rod following application in 


Formulation — ~ — — 
June July Oct. | 2-date 3-date 
| 1957 1957 1957 | average average 
Sodium salt | 26 | 16 2 18.0 12.7 
Emulsifiable oil 33 | 1 | 17.0 
Oil soluble. | 22 62 42.0 
Lithium salt 96 9 38 | 52.5 47.7 
Potassium salt. 40 8 7 24.0 18.3 
— | 45 


Mixed metal salt. — | 


Table 3 compares the three chlorinated benzoic acids. Plots 
treated at a given rate with 2,3,6-TBA had less regrowth than those 
treated with comparable rates of TBA or PBA except for the 32 lb/A 
treatment of PBA applied in October 1957. Some discrepancies 
existed, but in general TBA was more effective than PBA applied 
at the same rate. 

Six formulations of 2,3,6-TBA at 16 lb/A were compared in 1957. 
lable 4 gives the treatments and the number of shoots growing on 
the plots in the fall of 1958. The sodium salt, emulsifiable oil, and 
potassium salt formulations gave similar average results. On the 
basis of these tests, the oil-soluble and lithium salt formulations 
were somewhat less effective. A mixed metal salt of 2,3,6-TBA used 
on only one date was the least effective of the formulations tested 
at that time. 

Throughout the experimental period differences in results follow- 
ing applications on the various dates were evident. There have not 
been sufficient data collected to assign any climatic factor or plant 
condition as the cause of these differences. ‘Treatments made in July 
1956 and July 1957 resulted in generally good control of bindweed. 
Precipitation $3 days prior to treatment in 1956 moistened the upper 
several inches of soil, but drought prevailed both before and after 
treatment. The bindweed had produced seed and was nearly dor- 
mant when the chemicals were applied. In July 1957, comparatively 
little bindweed topgrowth was present, but soil moisture was ade- 
quate both before and after treatment. 

Following applications of 2,3,6-TBA in October 1955 bindweed 
control was highly satisfactory (Table 1). Likewise, treatment in 
October 1957 resulted in generally good control. However, consid- 
erably more bindweed regrowth occurred on plots similarly treated 
in November 1956 and May 1957 (Table 3). Analysis of rainfall 
before and after the fall treatments shows a tendency toward some 
correlation between rainfall prior to treatment and more complete 
bindweed control. This relation does not appear to exist when 
results from the May 1955 treatments (Table 1), which were applied 
during a dry period, are compared with data in Table 3 for the May 
1957 test. Since different chemicals were used in the two tests, it is 
recognized that the data are not entirely comparable. 

A comparatively small number of comparisons were made to deter- 
mine the relative effectiveness of PBA applied as a spray and in dry, 
granular form (Table 5). Under conditions of these tests, little dif- 
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Table 5. Regrowth of field bindweed in the fall of the succeeding year after 
treatment with PBA applied as a spray and in granular form. 





Shoots per square rod 


Rate | following application 
Method of application Ib/A a . 3 
July On Average 
| 1957 1957 
Spray 16 18 44 31.0 
32 27 14 20.5 
Granular. 16 58 35 46.5 
32 5 16 10.5 


ference in bindweed control by the two materials was noticed. 

Observations in 1957 and 1958 indicated that spray applications of 

PBA during periods of warm weather usually resulted in bindweed 

topkill within | week. The granular product had little immediate 
ect, but topkill was nearly complete in about 30 days. 


RESIDUAL HERBICIDAL ACTIVITY 


Early in the experimental program it appeared that the chlorin- 
ated benzoic acids might prevent crop production on treated soil 
for only a relatively short time. Continued experimentation indi- 
cates however, that benzoic acid residues toxic to many plants are 
rather persistent. Phillips (5) described distribution of the toxic 
residue on plots previously treated with 2,3,6-TBA and PBA at 
various rates. 

When little effective rainfall was received, the treated plots 
remained nearly free of all vegetation. This condition is illustrated 
in Figure 1. During periods of higher precipitation, weedy grasses 





Figure 1. Appearance in October 1956 of a plot treated May 1955 with 15 Ib/A 
of 2,3,6-TBA. Drought prevailed throughout the period 
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Figure 2. Appearance in September 1957 of a plot treated November 1956 with 
24 lb/A of 2,3,6-TBA. Above-average rainfall prevailed during the second half 
of the period. 


Figure 3. Appearance in November 1958 of bindweed plants from a plot treated 
May 1955 with 15 Ib/A of 2,3,6-TBA (left), and a normal plant (right) from 
a recently cultivated area. 











PHILLIPS : BENzoIc AciIps FOR BINDWEED 69 
such as tumblegrass (Schedonnardus paniculatus) and crab grass 
(Digitaria spp) and other shallow-rooted plants began growing on 
the plots a few months after treatment (Figure 2). 

Other weeds, such as fireweed (Kochia scoparia), exhibited symp- 
toms of growth-regulator effect for as long as 3 years after treatment. 
Figure 3, taken in November 1958, comparcs a normal bindweed 
plant and plants which were growing on a plot treated with 15 Ib/A 
of the sodium salt of 2,3,6-TBA in May 1955. This appears to give 
conclusive evidence that the chemical, or phytotoxic products of its 
breakdown, remain in the soil for extended periods. 

Research is continuing to determine more fully the effect of 
phytotoxic residues on crop yields. However, results to date indicate 
that production of winter wheat and sorghum will be reduced for 
at least 2 years following treatment with chlorinated benzoic acids 
at rates necessary for bindweed control. Soil type and amount and 
distribution of precipitation undoubtedly influence the rate of dis- 
appearance of the residues. 


SUMMARY AND CONCLUSIONS 


Three chloro-substituted benzoic acid compounds were applied 
to field bindweed at several rates on several dates in 1955, 1956, 
and 1957. All materials contained mixtures of variously substituted 
acids and isomers, but they were designated as 2,3,6—trichlorobenzoic 
acid (2,3,6-TBA), trichlorobenzoic acid (TBA), or polychloroben- 
zoic acid (PBA). 

According to plant counts made 12 to 17 months after treatment, 
2,3,6-TBA at 15 or more pounds per acre was equal or superior to 
960 Ib/A sodium chlorate for controlling field bindweed and less 
dependent on rainfall. It appeared that 15 to 20 Ib/A of 2,3,6-TBA 
were adequate in a practical control program. 

At a given rate of application 2,3,6-TBA was most effective, TBA 
next and PBA least effective. It appeared that PBA should be 
applied at about twice the rate of 2,3,6-TBA. 

Sodium salt, potassium salt, and emulsifiable-oil formulations of 
2,3,6-TBA gave similar results. In a few comparisons, a granular 
formulation of PBA was as effective as when it was applied as a 
spray. 

Some shallow-rooted vegetation may grow on treated areas a few 
months after applying the chemical, but residues sufficient to reduce 
wheat and sorghum growth have persisted for 2 or more years. 
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Response of Pensacola Bahiagrass to Herbicides’ 
C. C. Biack and E. G. Ropcers? 


P' NSACOLA bahiagrass (Paspalum notatum F.) is a leading pasture 
grass in the Southeastern and Gulf Coast states where it produces 
high quality forage on relatively infertile soils low in available 
moisture. It is a major seed crop on which many farmers rely as a 
cash crop. Weeds compete strongly with this grass during its estab- 
lishment and even after establishment of a sod, various annual or 
perennial weed species may encroach, Control of such weeds often 
is desirable. 

Grasses vary in their tolerance of herbicides, but the most common 
grasses are sufficiently tolerant to allow the use of certain herbicides. 
The phenoxy herbicides are almost universally used on grasses. 
Several workers (1, 2, 3) reported that 2,3,6-trichlorobenzoic acid 
(2,3,6-TBA) at rates from | to 4 lb/A was applied without injury 
to various grasses. 

Nutter (5) reported that 5 lb/A of maleic hydrazide (MH) injured 
common bahiagrass more than Pensacola bahiagrass, but the injury 
was not serious for either grass. McCaleb® stated that 3—amino-—1,2,4— 
triazole (amitrol) at rates as high as 15 Ib/A did not seriously damage 
Pensacola bahiagrass. 

Although considerable research data illustrate the degree of herbi- 
cidal tolerance of many grass species, relatively little effort has been 
directed toward determination of this tolerance for Pensacola 
bahiagrass. The primary purpose of this series of experiments, there- 
fore, was to evaluate the response of Pensacola bahiagrass at various 
growth stages to several herbicidal treatments. 


MATERIALS AND METHODS 


This study was initiated in October, 1955, near Gainesville, 
Florida, and consisted of five individual experiments. Diesel oil 
was used as the solvent for 2,3,6-—TBA and water was used for othe 
herbicides in all experiments, except as noted. 


Experiment 1. 

Thirty duplicated herbicidal treatments in a randomized block 
design were applied to Pensacola bahiagrass seedlings in flats undet 
greenhouse conditions. Each flat, 24 x 16 x 3 inches and containing 
Lakeland fine sand, was separated into four quarter-sections. The 
first section was planted with grass seed October 28, 1955, and the 


‘Fla. Agric. Exp. Sta. Journal Series, No. 888. This paper is adapted primarily 
from an MS. thesis presented by the senior author to the Graduate School, 
University of Florida, 1957. This research was supported in whole or in part 
by the United States Air Force under Contract AF 08 (616)-38, monitored by the 
Air Force Armament Center, Eglin Air Force Base, Florida. 

*Graduate Fellow, College of Agriculture, and Professor of Agronomy and 
Agronomist, Florida Agricultural Experiment Station, respectively, University 
of Florida, Gainesville, Florida. 

®*McCaleb, J]. E. Private Communication. 
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remaining three sections were planted at successive 2-week intervals 
to provide the following four plant growth stages March 16, 1956, 
when the treatments were applied: 

1. Two inches and under in height, three to five leaves, no tillers. 

2. Two to five inches in height, only one tiller. 

3. Three to five inches in height, more than one tiller. 

4. Over five inches in height, three or more tillers. 

Herbicides used in this experiment were a 1:1 mixture of propy- 
lene glycol oun ether esters of 2,4—dichlorophenoxyacetic acid 
(2,4-D) and 2,4, 5—-trichlorophenoxyacetic acid (2,4,5-T), propylene 
glycol butyl ether ester of 2,4,5-T, and triethanolamine salt of 
2,4,5-T at 114, 3, 6, and 9 Ib/A acid equivalent; also propylene 
glycol butyl ether ester of 2—(2,4,5-trichlorophenoxy)propionic acid 
(silvex), iso-octyl ester of silvex, propylene glycol butyl! ether ester of 

2.4-D, amitrol, an oil-soluble formulation of 2,3,6-TBA, and an 
emulsifiable formulation of 2,3,5,6—tetrac hlorobenzoic acid (2,3,5,6— 
TBA) at 114, 3, and 6 Ib/A active ingredient were included. Thirty- 
six gallons of spray solution per acre were used. 

Plant responses were observed regularly for 10 weeks after treat- 
ment. 

Experiment 2. 

All herbicides used in Experiment | were applied at 114, 3, 6, and 
9 Ib/A active ingredient on July 20, 1956, to a 4-year old sod of 
Pensacola bahiagrass during rapid summer growth of the grass. A 
split plot design with four replications was used with herbicides as 
main plots and rates as sub-plots. Sub-plots were 10 x 20 feet in size. 
Twenty-eight gallons of solution per acre were used. 

Three weeks after treatment, an area 2.5 x 20 feet in each sub-plot 
was mowed and raked clean. Two and 4 weeks later the same area 
in each sub-plot was mowed and raked. The dry weight of grass 
clippings was determined for each mowing. Plant responses to treat- 
ments were observed periodically throughout the remainder of the 
1956 growing season and again in the spring of 1957. 

Experiment 3. 

Pensacola bahiagrass was seeded with a cultipacker June 4, 1956, 
at 10 Ib/A on newly cleared Kanapaha fine sand. A split plot design 
with four replications was used in which main plots were herbicides, 
sub-plots were rates of application, and sub-sub-plots 6 x 10 feet in 
size were dates of application. The same herbicidal treatments used 
in Experiment 2 were applied first July 25, when seedlings had two 
to five leaves fully developed. The second and third applications 
were made to respective sub-sub-plots at successive two-week inter- 
vals when plants had developed four to six and five to eight leaves, 
respectively. This allowed evaluation of the response of bahiagrass 
seedlings at three different growth stages to the respective herbicidal 
treatments. The herbicides were applied in approximately 20 gal- 
lons of solution per acre. Visible seedling responses to treatments 
were observed and recorded periodically through October. 


Experiment 4. 
This experiment was conducted on Lakeland coarse sand in an 
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abandoned field, in the same manner and at the same time as 
Experiment 3. Numerous native weeds were present prior to seed- 
bed preparation. The area was cultipacked after planting at right 
angles to the direction of planting. In September, sample counts of 
Pensacola bahiagrass, other grasses, and broad-leaved weeds were 
made in each sub-sub-plot. 


Experiment 5. 

One-fourth of each of 84 greenhouse flats containing sterilized 

Lakeland fine sand soil was seeded with Pensacola bahiagrass June 
19, 1956. The three remaining quarter-sections of each flat were 
seeded at subsequent intervals of two weeks. 

Herbicidal treatments replicated twice in a randomized block 
design were applied September 30, in 36.6 gallons of solution per 
acre on seedlings varying from three to six inches high and from one 
to several stems per plant. Since this experiment was intended pri- 
marily to determine effects of herbicidal solvents, a 1:1 mixture of 
propylene glycol butyl ether esters of 2,4—D and 2,4,5—T was applied 
in water, diesel oil, and a 10:1 water:diesel oil emulsion. Additional 
treatments applied in water and the 10:1 water-oil emulsion were 
propylene glycol butyl ether ester of 2,4,5-T, triethanolamine salt 
of 2,4,5-T, propylene glycol butyl ether ester and iso-octyl ester of 
silvex, and propylene glycol butyl ether ester of 2,4—D. All materials 
were applied at 114, 3 and 6 lb/A active ingredient. Specific effects 
of oil and water as carriers together with herbicidal effects were noted 
carefully for two months after treatment. 


RESULTS 
Experiment 1. 

The quickest response of the Pensacola bahiagrass seedlings grow- 
ing in greenhouse flats was to oil-soluble 2,3,6-TBA, which killed 
the seedlings within 2 days. An aqueous solution of 2,3,5,6-TBA, 
however, killed only those seeedlings which were under 3 inches 
high when treated. Larger seedlings were damaged, but those over 
5 inches high and with several stems developed at time of treatment 
exhibited definite signs of recovery 10 weeks after treatment. Smaller 
seedlings that survived had shown but little indication of recovery 
after ten weeks. 

Visual damage to seedlings by phenoxy materials | week after 
treatment was the burning of the foliage, with the lower leaves and 
the tips of the remaining leaves brown in color. The unburned por- 
tions of the leaves on seedlings treated with 114 and 3 lb/A appeared 
normal. Higher rates produced a pale green or yellow color. Six 
weeks after treatment the outer or older leaves were dead in all 
treatments. The inner leaves were pale with dead tips. All of the 
phenoxy materials, except propylene glycol butyl ether ester of 
2,4,5-T, caused the development of a purplish color on the leaves. 
Ihe intensity of this coloration did not seem to be correlated with 
the rate of herbicides applied. 

Plants treated with 114 Ib/A of amitrol appeared normal | week 
after treatment, except a few blade tips were brown. Six weeks after 
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treatment the veins were light green with other leaf parts white. 
The plants were stunted and the white color was evident 10 weeks 
after treatment. Higher rates of amitrol produced more severe chlo- 
rosis which was evident | week after treatment and was still in 
evidence 10 weeks after treatment. 

Seedlings at all growth stages were damaged to various degrees by 
all treatments. The smallest seedlings, under 2 inches high, were 
severely damaged by all treatments and were dead 6 weeks after 
spraying. Seedlings over 5 inches high, with several stems developed 
when treated, were the only ones with definite signs of recovery 10 
weeks after treatment. Some other seedlings were alive but severely 
stunted. 


Experiment 2. 

The visual response of established bahiagrass to the mixture ol 
the propylene glycol butyl ether esters of 2,4—D and 2,4,5-T was a 
slight burning of the foliage tips which lasted for about 3 weeks afte1 
treatment. Oil-soluble 2,3,6-TBA also burned the foliage tips, and 
little difference was evident among different rates. Six and 9 Ib/A 
of amitrol produced some leaf chlorosis that was evident for 6 weeks 
after treatment, but these plants appeared normal after 8 weeks. 
Other treatments did not cause adverse plant symptoms at any time. 

Oven dry weights of grass from the two clippings were analyzed 
statistically. The treatments did not reduce forage production. The 
only significance was a slight increase in forage production in plots 
treated with the 2,4-D—2,4,5-T mixture at 114 lb/A. Higher rates 
did not increase or decrease forage yields. 

These observations agreed in general with others that an estab 
lished bahiagrass sod was tolerant to the herbicides applied. 


Experiments 3 and 4. 

Experiment 3 was conducted on newly cleared land where Pensa 
cola bahiagrass had practically no competition from other plants. 
Experiment 4 was carried out in an old field in which the grass 
had severe competition from several annual weed species but pre 
dominantly Florida pusley (Richardia scabra St. Hil.). A good stand 
of grass was obtained in both experiments, but the stand in the 
old field was much denser where the tires of the tractor had 
run while pulling the cultipacker. This improved stand was evident 
soon after the seedlings appeared and still could be seen 26 months 
later. It was attributed to higher seed germination stimulated by 
a higher availability of moisture in the soil that was thoroughly 
packed by the weight of the tractor. Seedling evaluations were made 
on the denser plant stands. 

The higher rates of all herbicides except 2,3,5,6-TBA and tri- 
ethanolamine salt of 2,4,5-T caused more severe injury to the seed- 
lings than lower rates. These two materials did not seriously dam- 
age the seedlings at any rate, The oil-soluble 2,3,6-TBA, particu- 
larly at 6 or 9 Ib/A applied at the youngest stage of seedling growth, 
killed a large percentage of the plants. This effect probably was 
caused by the diesel oil carrier since the oil alone is highly phyto 
toxic. This material did not kill all seedlings in these field experi- 
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ments as it did in the earlier greenhouse study. The field-grown 
plants appeared to be more vigorous and more difficult to kill. The 
seedlings appeared equally tolerant to the propylene glycol buty! 
ether esters of 2,4,5-T and silvex, and to amitrol. The higher rates 
of these materials resulted only in temporary burning of the foliage; 
the plants appeared to be normal within four to six weeks after 
treatment. 

Seedlings under 5 inches high and having less than three devel- 
oped stems were injured by the 2,4-D—2,4,5-T mixture, propylene 
glycol butyl ether ester of 2,4-D, and the iso-octyl ester of silvex at 
rates above 114 lb/A. Resistance to injury by all herbicidal treat- 
ments increased with the development of tillers and appeared to 
approach its maximum when three tillers were well developed. 
These results illustrated the increased herbicidal tolerance of bahia- 
grass seedlings with increased growth. 

The presence of other grasses was variable 3 months after plant- 
ing the bahiagrass. No differences in the population or density of 
other grass seedlings were evident among the herbicidal treatments. 
However, some variation occurred among the three dates of appli- 
cation. All rates of all herbicides, except the oil-soluble 2,3,6-TBA, 
generally resulted in the lowest population of other grasses when 
applied at the third spray date when plants were at the more 
advanced growth state, and a lower population at the second date 
than at the first. The 2,3,6-TBA showed a reverse eflect—the popu- 
lation of other grasses was lowest after the first date of spraying and 
was lower following the second than the third date, most probably 
owing to the phytotoxicity of the diesel oil carrier. 

The population of broad-leaved plants, consisting largely of 
Florida pusley, was decreased as the rate of herbicidal application 
was increased. The lowest rate, 114 Ib/A, of each herbicide was most 
effective in controlling the broad-leaved plants when application 
was made at the first spray date, and was less effective at the two 
later dates. For any given herbicide the degree of control provided 
by 3, and particularly by 6 or 9 Ib/A, was not as greatly different 
among the three treatment dates as for 114 Ib/A. Six and 9 Ib/A of 
the 2,4-D—2,4,5—-T mixture, the propylene glycol butyl ether esters 
of 2,4,5-T and 2,4—-D individually, 2,3,6-TBA, and amitrol anh a 
high percentage of all broad-leaved plants and, therefore, little 
no difference occurred among the three dates of treatment. 

All differences attributed to the effects of treatments were much 
less evident in 1957 than soon after application of the materials in 
1956. During the summer of 1958 bahiagrass appeared to be estab- 
lished uniformly in all plots with no differences due to treatments 
being evident. 


Experiment 5. 

Marked injury was evident one week after treatment of bahiagrass 
seedlings at four growth stages in greenhouse flats. All rates of the 
mixture of propylene glycol butyl! ether esters of 2,4—D and 2,4,5-T 
applied in diesel oil had killed all seedlings that were treated except 
a few of the oldest plants which had three or more stems developed 
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prior to treatment. All these seedlings were dead after the second 
week. 

Herbicides applied in a 10:1 water:oil emulsion burned the foliage 
of the seedlings more severely than those applied in a water diluent. 
The propylene glycol butyl ether esters of silvex and 2,4—D, and the 

2,4-D—2,4,5-T mixture at 114 lb/A in the water:oil carrier killed 
some of the seedlings which had produced only three leaves at time 
of treatment, while practically no plants were killed by these treat- 
ments applied in water only. Increasing the rate of application of 
all herbicides to 6 Ib/A caused more severe plant damage, particu- 
larly the younger plants and when treated with materials in the 
water:oil diluent. The diesel oil component of the diluent approxi- 
mately doubled the injury to seedlings as compared to the water 
diluent; however, seedling injury was much less severe than when 
the diluent consisted entirely of diesel oil. 

These findings illustrated the toxicity of this diesel oil to Pensa- 
cola bahiagrass seeedlings, particularly the younger plants. These 
findings also support the earlier observation that tolerance of these 
seedlings increased with plant size, particularly with development 
of three or more stems. 


DISCUSSION 


Greenhouse results, substantiated by field results, suggested that 
stage of growth was a critical factor in determining herbicidal 
tolerance of the seedlings and that tolerance increased with plant 
size. 

These results agree with many findings such as those of Klingman 
(4) that plants tend to be killed more easily by herbicides in the 
pe As seedling stage of growth than at later periods. However, the 
population of other grasses two months after treatment tended to be 
higher in field plots that were treated with herbicides at the earlier 
dates in this series of experiments. This development was associated 
with the severe competition offered the grass seedlings by Florida 
pusley. The earlier sprays were more effective than later sprays in 
killing this broad-leaved plant, thus eliminating or greatly reducing 
the competition with the developing grass seedlings. With removal 
of this competition, and the grass seedlings being more tolerant 
than the pusley to the treatments, especially at the lower rates, the 
grass seedlings were able to become established and flourish. When 
the applications were delayed even two weeks and particularly four, 
the other grass seedlings had been damaged and many had died 
because of the aggressive competition of the Florida pusley. The fact 
that 2,3,6-TBA applications resulted in a lower number of other 
grass plants in the plots treated earliest probably was related to the 
fact that this material, together with its diesel oil carrier, showed as 
much toxicity to grass as to broad-leaved plants. 

Established sod of Pensacola bahiagrass was not damaged by the 
herbicides applied. These findings illustrate the relatively high level 
of herbicidal tolerance of this grass in an advanced stage of growth. 

A definite relationship existed between growth stage of Pensacola 
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bahiagrass and herbicidal tolerance. Shortly after emergence, the 
seedlings were easily killed or severely damaged by herbicidal appli- 
cations. Seedlings acquired more tolerance with age and an estab- 
lished sod of this grass tolerated dosages of many herbicides consid- 
erably in excess of that normally required for weed control. The 
hypothesis is advanced, therefore, that the herbicidal tolerance of 
bahiagrass increases with the addition of tillers and that seedlings 
with a minimum of three tillers will tolerate normal herbicidal 
applications for weed control in pastures. With added tillering the 
corresponding increase in fiber content of the plant and decrease 
in percentage of the total plant system involved in meristematic 
activity may be related to the higher level of herbicidal tolerance. 


SUMMARY 

Five experiments were carried out to study the tolerance of 
Pensacola bahiagrass, at various growth stages from early seedlings 
to established sod, to each of nine herbicides applied at four rates. 

Herbicidal tolerance of small bahiagrass seedlings was very low, 
but this tolerance increased as the plant grew and reached its approx- 
imate maximum level when the plants had developed a minimum 
of three tillers. 
3. Oil soluble 2,3,6-TBA at rates of 114 to 9 pounds active ingre- 
dient per acre in a diesel oil carrier killed all bahiagrass seedlings 
under greenhouse conditions. The same treatments, applied to 
seedlings in the field, killed a high percentage but not all of the 
plants. A carrier consisting partially or entirely of diesel oil for other 
herbicidal treatments caused more severe damage to seedlings than 
a water carrier for comparable treatments. 
4. Seedlings which had begun tillering tolerated without material 
damage propylene glycol butyl ether ester of 2,4,5-T, triethanola- 
mine salt of 2,4,5—T , propylene fool butyl ether ester and iso-octy! 
ester of silvex, amitrol, and 2,3,5,6-TBA at rates up to 6 pounds 
per acre, and propylene glycol butyl ether esters of 2,4—-D and 
2,4,5-T in mixture and each alone at rates up to 3 pounds per acre. 
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The Use of Dalapon and Substituted Urea Herbicides 
for Control of Seed-bearing Spartina (Cord Grass) in 
Inter-tidal Zones of Estuarine Marsh 


D. S. RANWELL! and B. M. Downinc! 


INTRODUCTION 

HE remarkable spread of a seed-bearing Spartina species (form- 

erly incorrectly known as S. townsendii H. & J. Groves, now 
awaiting a new name) in mudflat areas on European coasts in the 
past 70 years is widely known. It was suspected from the sudden 
appearance of a new Spartina species in Southampton Water during 
the latter part of the 19th Century amongst accidentally introduced 
Spartina alterniflora Lois, and the British native Spartina maritima 
(Curt.) Fernald, that the plant was of hybrid origin. Some of the 
plants were found to be polyploid and this suggested an explanation 
for the extreme vigour and fertility of those plants which rapidly 
spread from Southampton Water, east and west along the south 
coast of England. 

Fears were expressed at the time that the grass would block 
navigation ways. Small sailing channels have certainly been closed 
off by Spartina growth but there is little evidence that main navi- 
gation ways have been affected. 


Need for control of Spartina. 

The potentialities of this species as an aid to the stabilisation 
and accretion of mud-flats were soon recognised. Many plantings 
of the grass were made on the English and European coastlines and 
it has been exported for this purpose to many parts of the world. 

In recent years the Nature Conservancy have received several 
requests for advice on the control of Spartina (e.g. at Sand Bay in 
Somerset and on the Exe Estuary, Devon), and since it is also desir- 
able to know how to control this very aggressive species in connec- 
tion with the management of estuarine Nature Reserves, work on 
control was started in 1956 in the Bridgwater Bay Nature Reserve, 
Somerset. 

Several holiday resorts on the Somerset coast depend for their 
livelihood on a free stretch of bathing beach. These beaches are often 
sandy at the top of the foreshore and grade very gradually out by 
extensive mudflats to low water mark. Spartina has spread from the 
surrounding coast onto the muddy parts of the foreshore in such 
places and by its subsequent growth, and its ability to catch fine silt 
from the retreating muddy tidal water, has spread onto the sandy 
areas at the top of the beach and converted the surface to silty mud. 

Spartina may block up freshwater drainage outlets from the land, 
and so promote localised flooding or waterlogging of the soil in land 
adjacent to the upper limits of Spartina marsh. 

There are several reasons for controlling the spread of Spartina 


‘Nature Conservancy Research Station, Furzebrook, Wareham, Dorset, England 
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in Nature Reserves. This species can colonise all but the very lowest 
vegetation zones of salt marsh and can replace most of the great 
variety of species normally found there. It therefore reduces the 
variety and interest of a salt marsh. The spread of Spartina round 
the English coast has seriously limited the feeding grounds of herbiv- 
erous wildfowl (Brent goose, Widgeon, etc.) that feed on Zostera and 
Enteromorpha spp. Large areas covered by Zostera, already much 
reduced by disease in the 1930's, have been further depleted by the 
spread of Spartina. The Zostera associes contained a rich animal 
fauna which is not found in European Spartina marsh, so carnivo- 
rous wildfowl have also had their feeding grounds reduced. 


Use of herbicides on estuarine marsh. 

Herbicides have been used in inter-tidal areas in America on a 
limited scale. 2,4—Dichlorophenoxyacetic acid up to 27 Ib/A, acid 
equivalent, may be needed to exterminate the estuarine marsh 
species Juncus roemerianus (4), and a combination of mineral oil 
at 34 gpa and 2,4,5-trichlorophenoxyacetic acid at 3 Ib/A, acid 
equivalent, was also effective. However this species grows in the 
upper limits of the Spartina zone and is only infrequently flooded 
by high tides. Taylor (9) tackled the particularly dificult problem 
of controlling Zostera in submerged oyster culture areas. A heavy 
oily liquid consisting of a mixture of chlorinated benzenes insolu- 
ble in water and called Benoclor 3 sprayed in calm water at low tide 
just above the surface of the bottom at a rate of | gal per 800 sq ft 
of bottom killed all the Zostera plants. A test has been made with 
dalapon (sodium salt formulation of 2,2-dichloropropionic acid 68% 
acid equivalent) on Spartina alterniflora. Application at about 45 
lb/A gave promising results at low tide, but at higher tide appeared 
less effective (Martin, 1955).? 

Accidental heavy pollution of Spartina occurred on the Somerset 
coast in autumn 1955. Plants were completely blackened with a coat- 
ing of oil. The following spring Spartina sent up a normal crop of 
shoots apparently none the worse. Repeated pollution with oil 
wastes is however reported to destroy Spartina in Southampton 
Water (Goodman, P. ].).* 

On the advice of Dr. E. K. Woodford (Unit of Experimental 
Agronomy, Oxford), it was decided to try dalapon and certain sub- 
stituted urea compounds; monuron (3-(p—chlorophenyl)—1,1—di- 
methylurea, diuron (3-(3,4-dichlorophenyl)-1,1—dimethylurea), and 
fenuron (3—phenyl—1,l—dimethylurea). These compounds are all 
80% active. A combination of sodium borate and monuron known 
as Ureabor was also tried, as was a pelleted combination of fenuron 
2,4—D and sodium borate. 


The site. 
Trials were made in a Spartina marsh exposed to prevailing west- 
erly winds on the south bank of the Severn estuary. The tidal range 


“Personal communication. 
*Personal communication 
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is exceptionally high (up to 40 ft at spring tides). This enables 
Spartina to occupy a much greater vertical range (c. 12 ft) than 
usual, and drainage run-off is rapid. 

At the level only reached by spring tides, Spartina grows 4 ft high 
on relatively level firm silty mud. Further seaward drainage chan- 
nels develop, becoming 4—5 ft deep at the seaward limit of Spartina. 
In this region, growth is 1-2 ft high on firm sandy silt which is 
covered daily at high tide. 


PRELIMINARY TRIALS ON HiGH Spartina Marsu 


Aim and layout 

Trials were first made to find out which herbicides (if any) and in 
what doses, would control Spartina. To minimise disturbance from 
tide a relatively uniform block of high level Spartina meadow about 
35 yd seaward of high water mark spring tides was chosen. 5 x 5 yd 
plots for treatment and similar control plots were marked out 
parallel to the shore line and with 2 yd wide strips separating them. 


Methods of assessment. 

On most plots the number of Spartina shoots, Ist year seedlings 
and other species were recorded in each of 10, 25 cm sq frames dis- 
tributed at random within the plot before and after treatment. The 
mean number of Spartina shoots per 25 cm sq ranged from 26 to 37 
in samples from 15 plots and the mean number of Spartina seedlings 
ranged from 10 to 59 in the same samples averaging 31 shoots and 33 
seedlings respectively. Distribution of Spartina shoots is relatively 
uniform but seedling distribution is patchy. Visual observations 
were also made and a photographic record kept at various stages 
during the trials. 


Results. 

Results of these trials are given in Table |. Summer applications 
(1956) were made in ideal conditions with at least 14 days before the 
next tidal cover. Spring applications on April 10th, 1957 had only 
5 days before tidal cover, but those in late April had at least 14 days 
before the next tidal cover. 

The spring application of diuron was much more effective than 
summer application. Dalapon at 50 Ib/A gave 80% kill of main 
growth | year after spraying, but considerable regeneration by 
seedlings occurred in the bare ground. A good deal of re-invasion by 
seedlings also occurred in the plots treaed with substituted urea 
compounds with the exception of fenuron. This herbicide at 40 
and 60 Ib/A gave 95% kill two months after spraying (Figure 1). 
Seedling regeneration and re-growth into the plot was inhibited in 
the year following treatment (Figure 2). 

No significant displacement of lethal doses of herbicides to marsh 
surrounding plots occurred. 
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Figure 1. Corner of plot on high level Spartina marsh, July 5, 1957, 2 months 
after spring application of fenuron at 60 Ib/A 


Figure 2. View of same area as Figure 1, June 10, 1958 
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SPLIT AND SINGLE Dose DALAPON TRIAL 
ON HicuH Spartina MARSH 


Aim and layout. 

The experiment was designed to confirm that dalapon at 50 Ib/A 
was effective against Spartina and to compare the effects of a single 
dose with a split dose of 20 + 30 lb/A put on with an intervening 
period of 3 weeks. The layout was a latin square design of 9 plots 
including controls each of 6 x 4 yd with a | yd wide path between 
plots. The site was about 10 yd to seaward ‘of the first trial site. 
Results were assessed in the way outlined above for preliminary 
trials. 


Results. 

Spraying (July 3rd, 1957) was carried out | month earlier than 
the previous year’s trial, under calm dry conditions. The tide was not 
expected to reach the seaward plots for at least 10 days and the 
landward ones for about 3 weeks. 

| year after application no significant difference was found 
between plots which had received the single dose and those which 
had received the split dose. In both there was 100% kill of main 
growth Spartina (Table 2). 1958 was a poor year for Spartina seed- 
lings and regeneration in the two sprayed plots was similar, and only 
slightly higher than in controls. 


Table 2. Mean shoot and seedling nos./25cm sq sample in trial plots, before 
and after summer application of dalapon on Spartina marsh, 


Control 20 + 30 1b/A split dose 50 Ib/A single dose 
Species 4 . > 
1957 1958 1957 1958 1957 1958 
i ' “ws 
Spartina shoots 22) 16) 22) 3) 21) 29) 28) 19) 23; C¢) O} O} 28) 17) 18) 0 | <1 0 
Spartina Ist year seed- | 
lings 17°| 280/250; 30 ?) 34/350) 300/200) 33) 28) 41'18°'250/270| 2? 28) 41 
Salicornia stricta 100\140) 49 ( i 3, 84 44) 28) 17) 33) 30; 65) 25) 39) 22) 14 18 


Pipa TRIALS WITH DIFFERENT FORMULATIONS OF FENURON 


fim and layout. 

\ims of this trial were to find out if Spartina could be killed in 
middle and lower zones of the sward, to find out to what extent the 
tide dispersed lethal doses of the herbicides outside the plot areas 
and to compare different methods of applying them. 

Highest lying plots on level marsh were 100 yds seaward of high 
water mark spring tides (Zone 1). Lowest plots (Zone 7) were about 
20 yds landward of the seaward limit of Spartina, on marsh dissected 
by channels 114 ft wide and 2 ft deep. Plots 6 x 4 yds were used 
(in one case, 2 x 5 yds) and a maximum of 5 plots were spaced at 30 
yd intervals from Zone 1 to Zone 5 for each treatment. Since there 
was no information about the toxicity of these herbicides to other 
marine organisms and it was not known to what extent they might 
spread outside the plot areas, low dosages were used (Table 3). 
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Fenuron was not readily obtainable in England at the time of the 
trials and available formulations had to be used. These included 
ordinary fenuron and activated fenuron as 5% emulsifiable con- 
centrates each containing 4 lb fenuron per gal. In addition, a pel- 
leted combination of fenuron, 2,4-D and sodium borate, the only 
pelleted form of fenuron available, was tried. This formulation 
contained 3.5% fenuron (100% active) and 5% 2,4—D. The pelleted 
material was put on in two ways (1) by sprinkling manually on to 
the mud surface and (2) by poking a grid of small holes (5-10 cm 
deep and c. 2cm diam) in the mud of the plots, tipping regular 
amounts of the material into them and then closing over the tops 
of the holes by stamping on them. Fenuron sprays, both activated 
and non-activated, were applied at 100 gal/A. 


Results. 

Only photographic and visual observation records were made of 
these plots. 

All treatments were made on April 25, 1958 just after high water 
neaps. This tide covered the bottom two plots (Zones 4 and 5) and 
it was expected that Zone 5 at least would be covered daily by the 
tide from the time of treatment and that all plots would be sub- 
merged within one week from the time of treatment. 

Useful results were obtained (Table 3) even at the low dosages 
used. Kill was most effective in the wetter low-lying parts of plots. 
Although this was probably partly due to washing down and con- 
centration of herbicides, results from pelleted applications show that 
seaward plots were more affected by fenuron than landward ones. 
This suggested that wetness aided the action of herbicides in spite 
of increased tidal action. The reverse was true of sprayed plots and 
tidal action was probably decisive in reducing the effect of sprays 
in seaward plots. 

No lethal doses of herbicides were displaced to marsh outside any 
plots in spite of regular tidal cover in the seaward plots. 


DISCUSSION 


In addition to the vagaries of the weather at and immediately 
after spraying there is the further complication of the effect of tides 
in diluting herbicides on Spartina marsh. Dalapon at 50 Ib/A for 
example gave 80% kill of main growth in the 1956 trials and 100% 
kill of main growth in the following year’s trials. This suggests that 
the results of any single series of trials should be treated with 
caution. However, the 1957 trials were done in July, one month 
earlier than those in 1956. In July Spartina is just coming into flower 
and like Phragmites (8) it may be most susceptible to dalapon at this 
stage. Conditions for seedling establishment are exceptionally good 
at Bridgwater Bay compared with those on Spartina marshes of 
south and east coasts. However good seeding years do not occur 
regularly (Table 2), and good control in higher marsh was achieved 
when a successful application of dalapon at 50 Ib/A was followed 
by a poor seed year. Large scale spraying would of course seriously 
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reduce seed potential for re-invasion in any case. Since dalapon is 
only one-third the cost of fenuron it is worth considering for control 
in the higher regions. 

Split dosage applications of dalapon on Spartina was no more 
effective than a single dose. However split applications have proved 
more effective than single applications using dalapon for the control 
of Agropyron repens (L.) Beauv. (7). 

When Spartina marsh is opened up in the higher levels by dala 
pon spraying at Bridgwater Bay, the annuals Atriplex hastata L. and 
Salicornia stricta Dum. invade the bare mud in addition to Spartina 
seedlings. These plants give an interesting indication of the suc 
cession that follows the removal of Spartina in the area (2). 

Results using substituted area herbicides were surprising in that 
fenuron gave much better control than monuron either alone or in 
combination with borate. Fenuron is much more soluble than this 
compound and also has much lower inherent toxicity than monuron 
(1). However, it has been demonstrated (5), that in certain soils, e.g. 
clay loam, fenuron may be as toxic as monuron. The greater solu 
bility of fenuron probably helps it to reach the roots of Spartina 
through the marsh silt more readily than monuron. This might 
explain the greater effectiveness of pelleted fenuron in the wettest 
plots lying near the seaward limit of the marsh. 

Monuron is adsorbed by soil in increasing amounts as the organic 
matter and clay content rises (6). The upper levels of the marsh are 
low in organic matter (3% organic carbon), but rich in silt and clay 
(90%). The lower marsh has only 2% organic carbon and is more 
sandy (32% silt and clay). Thus although the organic matter can 
play little part in reducing toxicity by adsorption in these soils, 
the high silt and clay content probably does. 

There is no direct information about the rate of breakdown of 
these herbicides in saline muds. In land soils this is attributed 
mainly to micro-organisms (3). Breakdown is certainly quite slow 
in the case of fenuron for it was still lethal to seedlings 114 years 
after application. Measurements indicate that there is annual accre 
tion of at least 2 cm on these marshes in the Spartina zone. This 
should allow seedling establishment in the trial plots 3 or 4 years 
after treatment even if fenuron is still active in the mud after that 
time, for the lethal zone is gradually being buried. In a successful 
large scale treatment of Spartina marsh with soil sterilants, however, 
a certain amount of surface mud erosion might be expected and 
possible side effects of this kind need to be studied. 

Although the mammalian toxicity of substituted ureas and dala 
pon is low there is no information about the effects of these sub 
stances on marine invertebrates. Spartina marsh in this country 
seems to have few associated animals compared with Zostera marsh, 
perhaps because there has not yet been time for a fauna to become 
adapted to its environment. A few mud cores examined, produced 
only one or two arthropod larvae, but live larvae were found in the 
plot treated with fenuron at 60 Ib/A. 

Removal of Spartina by digging it out is costly and not effective 
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Although the use of granular fenuron is also expensive it is certainly 
effective even at the lowest limits in the marsh studied, and could 
be applied over large areas by air. Whether or not Spartina can be 
controlled successfully by the means described on the soft mud 
marshes of our south and east coasts remains to be seen. 


SUMMARY 


Dalapon at 50 Ilb/A gave 100% kill of Spartina main growth one 
year after spraying when spray was applied in July to the upper 
levels of inter-tidal marsh in the Nature Reserve at Bridgwater Bay, 
Somerset. Re-invasion by seedlings suggests that repeated appli- 
cations may be necessary if a limited area is being controlled. 

Fenuron at 40 lb/A gave 99% kill in the same region when 
applied as a spray in April. There was no significant re-growth in 
plots, or new seedling establishment 114 years after spraying. 

A pelleted combination of fenuron, 2,4—D, and sodium borate 
injected into the mud or sprinkled on the surface at 15 Ib/A, gave 
a 60% kill in Spartina marsh reached daily by the tides. 

The problem of Spartina control in relation to some Nature 
Conservation problems and the significance of the results of these 
trials is briefly discussed. 
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Addendum 


Since this paper was submitted pilot trials on east coast Spartina in the Nature 
Reserve at Scolt Head Island, Norfolk, have shown that both the pelleted formu 
lation of fenuron (referred to above), used at a dose of 50 Ib/A, and Ureabor at 
2000 Ib/A have given 100% kill in areas subject to daily tidal immersion. 

















Periderm Formation in Hypocotyl of Gossypium hirsutum 
L. and its Effect upon Penetration of an Herbicidal Oil 


R. D. Patmer! and W. B. ENNis, JR.? 


INTRODUCTION 


ie using non-fortified oils for post-emergence weed control in 
cotton, it has been necessary to follow certain precautions because 
of differential plant response at different stages of cotton growth. 
Several workers (2) emphasize that certain oils can be applied safely 
to young cotton hypocotyls three weeks after emergence, but as soon 
as small bark cracks begin to appear at the base of the stem, oil 
usually causes injury. Palmer and Ennis (7) found that when an oil*® 
was applied to cotton stems 14 to 80 days old, it injured the stem, 
and reduced final yields when cotton was 27 to 59 days old at time 
of application. Plants less than 27 days old fhe more than 59 to 80 
days old were not injured by the oil. 

This study was undertaken to investigate the relation of the 
morphological development of the cotton hypocotyl and its sus- 
ceptbility to oil. The selectivity of the oil for certain tissues of the 
hypocotyl was examined. 


LITERATURE REVIEW 

Baranov (1) and Webber (10) reported on the arrangement of the 
primary permanent tissues in the hypocotyl of Gossypium. Webber 
(10) pointed out that as the hypocotyl grew older the epidermis 
became underlain by periderm which later replaced the ome 
The phellogen which gives rise to the periderm forms in the outer- 
most layer of the cortical cells. At different ages the periderm of any 
given species differs somewhat in appearance. 

The distinct processes involved in the toxic action of an herbicidal 
oil are (1) penetration of the cuticle, or surface, and (2) reaction 
with the protoplasm or cell structure. Dallyn (3) and Dallyn and 
Sweet (4) reported that oils of Stoddard Solvent type rapidly pene- 
trated the cells of beans. The oil caused the breakdown of the physi- 
cal organization of the protoplasm, and finally the entire leaf 
structure collapsed. Minshall and Helson (6) suggested that oil killed 
susceptible plant cells by disrupting water relations, which in turn 
affected transpiration and other processes. van Overbeek and Blon- 
deau (9) reported on the theory of oil action. They stated that the 


‘Formerly Graduate Assistant, presently Assistant Plant Physiologist, Depart- 
ment of Plant Pathology and Physiology, Mississippi Agricultural Experiment 
Station, Mississippi State University, State College, Mississippi. 

*Formerly, Head, Department of Plant Pathology and Physiology, Mississippi 
Agricultural Experiment Station; presently Chief, Crops Protection Research 
Branch, Crops Research Division, Agricultural Research Service, U. S. Department 
of Agriculture, Beltsville, Maryland. 

*Aromatic content 22 to 24 percent, boiling range 300° to 400° F., unsaturated 
compounds 0.5 to 1.0 percent, sulfur compounds 0.25 to 0.30 percent, and a 
maximum aniline point to 128° F., marketed under the trademark name “Lion 
No. 1”. 


89 














90 _ WEEDs 





micellar structure of the plasma membrane allows the hydrocarbons 
to dissolve into it, and the oil molecules displace the fatty molecules 
of the cell membrane. Kinetic energy apparently interrupts the close 
alignment of the fatty molecules, allowing the oil molecules to slip 
between them and causing a leak in the cell membrane. The authors 
theorized that when these leaks become more abundant the perme- 
ability increases to the point where larger molecules leave the cell: 
thus semipermeability is lost and the cell collapses. 


MATERIALS AND METHODS 


The test plants used in this study were grown under field con 
ditions. The variety of Gossypium hirsutum L. was Coker 100-W, 
American upland. The post-emergence oil* was applied on the hypo 
cotyls at 8 gal/A. The nozzle was set so that the spray fan was hori. 
zontal, and oil struck the cotton stem no higher than | inch from 
the ground level. 

The first treatment was made 14 days after emergence of the 
plants and at two-day intervals thereafter until 80 days after emer- 
gence. Gross morphological responses were recorded and reported 
previously (7). 

Hypocotyls of 27-, 36-, 50-, and 62-day-old cotton plants were 
observed to have a wide range of tolerance to the oil. Plants of 
these ages were selected for the anatomical studies. Immediately 
before treatment and 7 days after treatment, representative segments 
of the hypocotyls were selected and fixed in FAA (formalin, acetic 
acid, and ethyl alcohol). The segments were prepared for micro- 
scopic examination by dehydration through an ethyl to butyl alco 
hol series, embedded in paraffin (M. P. 56 to 59°C), sectioned at 15 
microns by means of a rotary microtome, and stained with an aque 
ous solution of crystal violet and erythrosin. After the sections were 
mounted in balsam, photomicrographs were made. 


EXPERIMENTAL RESULTS 


Periderm formation in the hypocotyl. The 27-day-old hypocotyl! 
had a continuous epidermis (Figure 1A). The outermost cortical 
cells showed numerous intercellular spaces. The cork cells were initi 
ated by periclinal divisions of the cork cambium (periderm) in the 
sub-epiderminal parenchyma of the cortex as illustrated in Figure 
1A. 

The most striking change in the anatomy of 27- to 36-day-old 
hypocotyl was the development of cork layers and the accompanying 
rupture of the epidermis (Figure 1A, B). Dense cytoplasm appeared 
in certain cells of the cortex and in the phellem, phellogen, and 
phelloderm as manifested by dark staining of these cells (Figure 1B, 
C, D). More cork (phellem) layers developed as the plants grew 
older. 


*Loc. cit® 
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Figure 1. Cross sections of the hypocotyls of Gossypium hirsutum L. (x 100). A. 
(untreated) 27 days old. B. (untreated) 36 days old. C. (untreated—check to F 
and F, below) 50 day old. D. (untreated) 62 days old. E and F (treated) 57 days 
old (7 days after treatment). BC, barkcrack; C, cortex; CC, cork cambium; P, 
pericycle; PD, periclinal division; PE, phelloderm; PF, phloem fibers; PG, 
phellogen; PH, phloem; PL, phellem; PP, phloem parenchyma; PR, phloem 
ray; RE, ruptured epidermis; VC, vascular cambium; X, xylem. 
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Hypocotyls 36 to 50 days old were very susceptible to the oil. The 
62-day-old hypocotyl (Figure 1D) was resistant to oil and showed two 
or three more cork layers than the hypocotyl 36 to 50 days old 
(Figure 1B, C). The cells of the cork cambium in 36- to 50- day-old 
hypocotyls appeared to be larger in volume and very active in cork 
development, whereas the cells of the cork cambium in 62-day-old 
hypocotyls were smaller and probably less active in cork devel- 
opment. 

Anatomical responses. Hypocotyls 57 days-old (7 days after treat- 
ment), (Figure 1, E and F) were selected to show typical tissue 
responses to the oil. The oil appeared to have killed the cortical 
parenchyma (phloem ray), cork cambium, phloem parenchyma, and 
vascular cambium in the hypocotyl. The degree of damage to these 
tissues depended upon the quantity of oil which penetrated into the 
tissue. The phellem, xylem, and phloem fibers were apparently 
unharmed by the oil, because these tissues appeared to have retained 
their normal shape. 


DISCUSSION 


A relation between the morphology of the cotton hypocotyl and its 
susceptibility to injury by an herbicidal oil was found. In the young 
hypocotyl an unbroken epidermis acted as an effective barrier to oil 
penetration. In older hypocotyls (62 days old) resistance was due to 
oil-impervious cork layers. Sifton (8) and Esau (5) stated that cork 
cells are generally impervious to water and resistant to oil pene- 
tration, especially if the cork is well suberized and free from inter- 
cellular spaces. It appears that 36- to 50-day-old hypocotyls were sus- 
ceptible to the oil because (1) the bark cracks with few cork cells 
served as a channel for the oil to penetrate, and (2) the oil pene- 
trated into the active cork cambium, phloem parenchyma, and vas- 
cular cambium and exerted an action which destroyed these vital 
tissues. 


SUMMARY 


Anatomical studies were undertaken to determine the effect of age 
of the cotton hypocotyl upon its response to an herbicidal oil. ‘The 
young hypocotyl was resistant to oil because of the protection 
afforded by the unbroken epidermis. However, as the hypocoty] 
grew, cork cracks were produced in the stem primarily as a result 
of secondary growth of the cork cambium (periderm). The super- 
ficial cork cracks formed prior to the development of cork layers. 
These cracks served as a place for oil to collect and provided a point 
of entrance. From this point of entrance the oil moved through 
intercellular spaces. The cork cambium, phloem parenchyma, vascu- 
lar cambium, and cortical parenchyma were destroyed by the oil. 
Cork cells, phloem fibers, and xylem were apparently tolerant to the 
oil. The vital tissues of older hypocotyls were protected by cork 
layers which apparently were impervious to the oil. 
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Control of Bedstraw (Galium mollugo) with Alpha- 
Phenoxypropionic Acid Derivatives’ 


Jat S. Pagaku and Marvin M. SCHREIBER? 
INTRODUCTION 


arta (Galium mollugo L.) is a deep-rooted perennial weed 
present throughout New York and many areas of the northeast- 
ern United States and Europe. It occurs in pasture, meadows, waste 
areas and along ditch banks and roadsides. This weed assumed 
importance comparatively recently and almost concurrently with the 
increasing popularity and widespread use of birdsfoot trefoil (Lotus 
corniculatus L..). 

Many factors contributed to the increased prevalence of bedstraw, 
particularly in areas where it was present but of little consequence. 
Birdsfoot trefoil seedings, usually left down for several years, enabled 
bedstraw, a strong competitive weed which propagates from seed and 
rootstalks, to become well entrenched. 

Bedstraw growing in pastures is usually avoided by grazing ani- 
mals, thus enabling it to reproduce and disseminate seed. Probably 
one of the most important reasons for the marked increase of bed- 
straw on ditch banks and along roadsides has been its resistance to 
the 2,4—dichlorophenoxyacetic acid (2,4—-D) and 2,4,5-trichlorophe- 
noxyacetic acid (2,4,5-T) herbicides generally used on those areas. 
The main objective of the experiments reported in this paper was 
to find one or more herbicides that would completely eradicate bed- 
straw, thus allowing spot treatments where desirable in crop areas 
and for general use in non-crop situations. A second objective was 
to find a method of using an eradicant to selectively remove bed- 
straw in birdsfoot trefoil fields. 

LITERATURE REVIEW 
Bedstraw. 

Among the commoner species of Galium in the United States, 
namely G. aparine, G. boreale, G. asprellum, G. verum, and G. mol- 
lugo, the latter is one of the most widespread and perhaps one of 
the most important as a weed. All the species listed except G. 
aparine are long-lived perennials. 

Established plants of G. mollugo have several stems arising from 
a crown-like clump, which can attain a diameter of from 10 to 24 
inches. Erect stem-growth starts early in the spring and continues 
until the stems reach a height of about 15 to 24 inches, when, because 
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of weakness, they lodge and form a very dense mat. Growth usually 
continues until they reach a length of about 4 feet. In New York, 
bedstraw first blooms in May to June and again in late July and 
August if first growth is cut. 

Kinne® observed that bedstraw has a coarse, fibrous deep root sys- 
tem with a dense mass of fine roots near the surface of the soil, just 
below the crown. Thick woody rhizomes spread laterally and ver- 
tically from the crown. The roots are reddish orange, and the 
rhizomes are a lighter orange in color. 

A detailed anatomical study of the plant was made by Korsmo 
(13). 


Alpha-phenoxy propionic acids, 

Among the first of the original aeons Ee tested was 

2-(2,4-dichlorophenoxy)propionic acid |2—(2,4—DP) |. Using cuttings 

of several plant species as test objects, Hitchcock and Zimmerman 
(10) in 1942 found that in general 2—(2,4—-DP) was about 30 times 
as effective as 2,4—D and 10 times as effective as naphthalene acetic 
acid (NAA) in inducing rooting of cuttings. 

Subsequently, Hitchcock and Zimmerman (11, 12) compared the 
root-inducing activity of 63 phenoxy acids. The most active com- 
pounds, inducing 15 to 40 roots per cutting, were 2,4,5-T, 2-(2,4,5- 
trichlorophenoxy)propionic acid (silvex), 2-(2,4-DP), and 2-(2,4- 
dibromophenoxy)propionic acid. However, only 2.4,5-T and silvex 
possessed activity comparable with that of NAA, which was used as a 
standard. 

Thompson, Swanson and Norman (21) summarized the growth- 
inhibitory activities of over 1000 organic compounds on the basis 
of the corn-germination tests, Kidney bean single-droplet water test, 
and Kidney bean single-droplet oil test and found various alpha- 
phenoxypropionic acids to be highly active compared with 2,4—D. 
Similar evaluation by Fults and Payne (8) showed silvex and other 
alpha-phenoxypropionics to be superior to 2,4—D over a wide range 
of concentrations. 

Thus during 1942-1947, the growth-regulating activity of the 
alpha-phenoxypropionic acid derivatives, especially 2-(2,4— DP) and 
silvex, was firmly established. Yet, it was not until the realization of 
the limitations of 2,4-D, 2-methyl—4—chlorophenoxyacetic acid 
(MCPA) and 2,4,5—T in situations where the phenoxyacetic com- 
pounds were shown to be non-selective and of low herbicidal activity 
that reappraisal of the alpha-phenoxypropionics took place, some 
5 years later. 

{gricultural uses of alpha-phenoxypropionics. 

The use of the alpha-phenoxypropionic acid derivatives in and 
on horticultural crop plants to induce parthenocarpic setting of 
fruits, inhibition of leaf and fruit drop, hastening maturity and 
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ripening of fruits and root initiation has been known and practiced 
since 1944. Since this phase is immaterial to the present study and 
the literature is voluminous, no review of these investigations will 
be presented in this paper. 

The early work of Elwell (5) and Elwell et al. (6) conclusively 
showed the greater activity of silvex over 2,4,5-T on many of the 
harder-to-kill woody species as well as herbaceous plants. This 
coupled with the results of Fisher, Behrens and Watson (7) demon- 
strating less injury to cotton from silvex than from 2,4,5—T led the 
way to extensive testing in all parts of the country (2, 3, 4, 9, 18, 22). 

Only recently the use of silvex for the control of aquatic weeds 
was reported to be highly successful (19, 23). 

The work of Lush (15), Leafe (14), Selleck and Coupland (16) 
and Shaw and Gentner (17) resulted in the control of many herba- 
ceous broadleaf weeds by the use of the alpha-phenoxypropionic acid 
derivatives. Some of the data suggest possible selective control in 
small grains (14, 17) but severe injury to most forage legumes (17). 


Chemical control of bedstraw. 

Extensive field trials by Kinne* to control bedstraw resulted in 
failure with the herbicides commercially available in 1953. Only 
4,6—dinitro—o-sec—butylphenol (DNBP) showed top-kill followed by 
new regrowth. Initial trials between 1954 and 1956 with 2,2—dichloro- 
propionic acid (dalapon) appeared more promising but again 
regrowth occurred because of lack of root-kill.5 Aberg (1), trying to 
control G. mollugo and G. aparine in non-crop land areas in Sweden, 
found that 2,4,5-T showed some promise. 

The only reports in the literature on the control of a bedstraw 
species (G. aparine) were made by Leafe (14) and Lush (15), who 
used 2—(2—methyl—4—chlorophenoxy)propionic acid |2—(MCPP)| and 
2—(3—methyl—2,4—dichlorophenoxy)propionic acid. Galium aparine, 
an annual in small grains, was successfully controlled by both phe- 
noxypropionics at 2 pounds per acre. 


MATERIALS AND METHODS 


Preliminary greenhouse screening. 

Bedstraw and birdsfoot trefoil plants, grown from seed in wooden 
flats in the spring of 1956, were transplanted into 6-inch clay pots 
in late July so that there would be five plants of either species pet 
pot. The plants were allowed to establish themselves in the pots for 
1 month, at which time they were cut to a height of 5 inches to 
obtain uniformity. Replicated treatments were applied on Septem- 
ber 11, 1956, with an experimental sprayer developed by Terry (20). 
The herbicides, rates of application and dates of visual observations 
of foliar and root injury are shown in Table 1. All rates expressed 
in all experiments reported are on an acid-equivalent basis. 


Field experiments. 
The field used for all experiments reported in this paper, located 
‘Loc. Cit? 
"Schreiber, M. M. Unpublished data, 1954-1956. 
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in Ithaca, N. Y., was seeded to Empire birdsfoot trefoil in 1951. 
Because of contamination with bedstraw seed, within 2 years the 
field had approximately equal numbers of bedstraw and birdsfoot 
trefoil plants. Several species of broadleaf weeds and grasses were 
also present. 

A randomized split-plot design was used for all field experiments. 
The number of replicates varied from 2 to 4 for individual experi- 
ments. All plots were 6 by 32 feet with 10-foot alleyways between 
whole-plots and replications. All treatments were applied i in 30 gal/A 
of water with a tractor sprayer especially converted for spraying 6- 
foot plots. Each herbicide was applied starting with the lowest con- 
centration and progressing to the highest. With each change of 
chemical, the spray equipment was thoroughly rinsed with 5 gallons 
of 1 percent ammoniated water followed by 5 gallons of water. 

Data obtained consisted of (a) periodic stand counts of bedstraw 
and birdsfoot trefoil, (b) yields (pounds of dry weight per acre) for 
first and second cuttings, (c) botanical composition from second 
cuttings by hand separation, and (d) continuous observation of birds- 
foot trefoil stunting and recovery as well as broadleaf weed encroach- 
ment. 

Because of the nature of the bedstraw plant, the most effective 
method of determining stands was to count all bedstraw clumps in 
a 96 square foot area in the center of each plot. When two or more 
clumps grew close together, they tended to merge into one large 
clump as the season progressed. It was, therefore, necessary to make 
several independent counts early in the spring and soon after each 
cutting. The additional counts also offered the opportunity of 
studying regrowth. Analyses of variance were carried out on all data 
obtained. 

The herbicides used, rates of application, time of application, stage 
of growth at time of application, and dates of observation are shown 
in Tables 2 to 6 for the four field experiments reported. 


RESULTS AND DISCUSSION 


Preliminary greenhouse screening. 

All treatments caused initial discoloration of the foliage of bed- 
straw and to some extent of birdsfoot trefoil. The foliage changed 
from dark green to light green to yellow and finally to brown within 
1 3 week period (Table | and Figure 1). The 714 lb/A rate of all the 
amine salts tested—2-(2,4A—-DP), 2-(MCPP) and silvex—and the 2144 
lb/A rate of 2-(2,4—-DP) caused complete kill of bedstraw foliage and 
roots. Although the injury to birdsfoot trefoil was more serious at 
the high rate of amines, little foliage or root kill was observed with 
any material. None of the 214 lb/A rates of the amine salts tested 
caused death of birdsfoot trefoil roots. 

The esters at all rates tested caused 100 percent kill of both bed- 
straw foliage and roots. However, in spite of severe foliage kill of 
birdsfoot trefoil by all rates of the esters, only the 10 Ib/A rate 
caused appreciable kill of the roots. It was evident that at the same 
rate of applic ation the esters were more effective for bedstraw control 
than the amine salts. 
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Table 7. Foliage and root-kill of bedstraw (B) and birdsfoot trefoil (T) effected by an 
alkanolamine salt and various ester formulations of chlorinated alpha-phenoxy- 
propionic acids in greenhouse tests sprayed September 11, 1956. Each value 
based on 2 replications. 


Per cent roots 


Formulation, Per cent foliage killed on bille 
herbicide and rate, ilied on 
Ib/A 
Oct. 10 1956 | Nov. 20, 1956 Dec. 25, 1956 Dec. 25. 1956 
B T B r B I B I 

0 (check) 0 0 10° 108 108 15° 0 0 
2-(2,4-DP), amine 

2% 100 5 100 15 100 15 100 0 

7% 100 15 100 50 100 50 100 10 
2—(MCPP), amine 

2ly 75 15 80 15 80 15 60 0 

7! 100 55 100 80 100 80 100 30 
Silvex, amine: 

2% 95 10 100 20 100 25 90 0 

7 100 10 100 75 100 5 100 10 
Silvex, propylene glycol 

butyl ether ester 

5 100 40 100 80 100 100 100 20 

10 100 60 100 100 100 100 100 90 
Silvex, iso-octyl ester 

2 100 50 100 90 100 100 100 20 

10 100 80 100 100 100 100 100 on 


*Excessive greenhouse temperature. 





Figure 1. Bedstraw and birdsfoot trefoil plants treated 
with 214% Ib/A of alkanolamine salt of 2-(24—-DP) 
Left: treated bedstraw plants with all foliage and roots 
dead and foliage brown. Right: treated birdsfoot trefoil 
plants showing slight foliage burn and initial stunted 
growth but dark-green and plants recovering. Plants 
treated September 11, 1956 and photographed October 
10. 


The initial greenhouse screening test showed conclusively that 
bedstraw could be eradicated by use of the chlorinated alpha-phe- 
noxypropionic acids. However, bedstraw plants grown in pots would 
be considered young plants in relation to the well-established plants 
normally found in the field. 


Field trials, fall application of amine salts. 

The data in Table 2 show the effects of fall applications of amine 
salts of 2-(2,4-DP), silvex, and 2~MCPP) on stands of bedstraw 
and birdsfoot trefoil. The analysis of variance of the stand data 
showed highly significant differences for rates but no significant 
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Table 2. Stands of bedstraw (B) and birdsfoot trefoil (T) as affected by application 
of alkanolamine salts of 2—(2,4—DP), silvex and 2~(MCPP) on November 17, 
1956". Each value based on 3 epee. 


Herbicide and Number of plants in 96 sq ft on 


rate, Ib/A —— - - 
Nov. 14, 1956 May 7, 1957 July 19, 1957 Sept. 19, 1957 
B = B T B T B T 
2—(2,4-DP) 
0 16 24 27 27 36 35 32 30 
le 29 22 33 26 44 26 36 27 
1 15 26 13 27 17 33 21 27 
2 27 18 18 18 31 31 25 34 
4 17 28 0 17 1 30 2 30 
8 13 22 0 | 4 5 17 3 30 
Silvex 
0 23 26 30 | 22 44 28 35 30 
be 23 21 30 | 25 38 29 33 25 
1 27 19 23 | 24 | 33 33 33 24 
2 24 16 11 | 21 17 33 19 30 
4 22 22 0 23 2 37 4 40 
8 24 24 0 23 3 29 2 35 
2—(MCPP) 
0 24 21 35 17 | 44 25 38 29 
le 28 29 29 16 41 22 39 24 
1 24 21 23 19 39 28 37 29 
2 25 18 14 14 24 25 24 28 
4 21 21 1 9 5 22 3 38 
~ 21 19 1 4 2 15 2 28 
LSD 5% Not significant 6 7 10 7 7 6 


*Bedstraw 10 inches tall and birdsfoot trefoil 5 inches when treated 


differences for chemicals or rate-chemical interaction. Unsatisfactory 
bedstraw control resulted from the Y, 1, and 2 Ib/A applications of 
all three materials. In early May most bedstraw plants given the 
t and 8 Ib/A rates of all three materials seemed killed because there 
was no top growth, but in early July or later some regrowth of old 
plants was evident. This regrowth may be due to poor coverage in 
some cases since bedstraw was 10 inches tall and well matted at the 
time of application. 

The amount of recovery of birdsfoot trefoil plants was more 
striking. Where significant differences in rate and interaction had 
been found in early May, none were found in July or later. 

At the time of first cutting, June 6, 1957, there was a marked effect 
of rate of chemical on height of the birdsfoot trefoil. This height 
reduction, associated directly with rate of application, brought about 
a significant reduction of yield; however, by the time of second 
cutting, August 20, 1957, the effect of initial injury was not obvious. 
In fact, total yield increased with increased rate of application; 
but the increase was not all due to birdsfoot trefoil (Table 3). The 
botanical compositions of the second cutting show that the 4 and 
8 Ib/A rates completely prevented all bedstraw growth. Of more 
concern, however, was the fact that the percentage of broadleaf weeds 
increased as the rate of the amines increased. 

Fall application of esters. 

Fall application of propylene glycol butyl ether (PGBE), iso-octyl, 
and butoxyethanol esters of silvex gave results about equal to the 
amine salts when applied at corresponding rates (Table 4). As pre- 
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Table 3. Average dry weight yield (Ib/A) of botanical components of the second 
cutting, August 20, 1957, following fall application of alkanolamine salts of 
2-(2,4-DP), silvex, and 2~(MCPP) and of the propylene glycol butyl ether. 


iso-octyl, and butoxyethanol esters of silvex. 


Lb/A of botanical components 


Rate of ‘ 
— Bedstraw Birdsfoot trefoil Grass Broadleaf weeds 
aft 
Aa Et A E \ I \ I 
0 740 760 500 620 80 10 50 180 
le 1180 420 250 920 0 80 220 250 
1 980 70 390 950 50 180 ) 570 
2 140 18 920 890 210 180 720 720 
4 0 0 550 460 240 120 1240 1180 
s 0 0 260 130 180 561 1530 1470 
*Amines—values based on 3 replications of each amine. 


bEsters—values based on 2 replications of each ester. 





dicted from the initial greenhouse tests, the silvex esters showed 
greater activity at low rates than did the amines on established 
plants. At 1 Ib/A or higher, all silvex esters significantly reduced 
the stand of bedstraw. Also as noted before, some regrowth occurred 
at all rates where apparently 100 percent control had been obtained 
sarlier. The esters gave better bedstraw control with less injury to 
birdsfoot trefoil than the amine salts, particularly at the | and 
2 Ib/A rates. 

The effect of silvex ester treatments on yield the following year 
paralleled the results obtained with amine salts (Table 3). Figure 2 


Table 4. Stands of bedstraw (B) and birdsfoot trefoil (T) as affected by application 
of silvex esters on November 16, 1956." Each value based on 2 replications. 


Number of plants in 96 sq ft on 
Herbicide 


and in Nov. 14, 1956 May 7, 1957 June 29, 1957 Sept 17, 1957 

B T B r B I B I 

Propylene glycol butyl ether 
ester: 

0 31 31 27 38 40 55 48 35 

lg 28 32 4 32 19 64 r¢ 32 

P 1 29 28 0 28 3 4h 14 47 
2 30 30 0 8 2 5 40 

4 34 34 0 23 4 ( 5 $7 

~ 29 w 0 ] ! ? 10 

Iso-octyl ester 

0 37 32 35 31 | 4 62 34 

fi lo 37 30 15 24 3 61 40 35 
4 1 30 27 5 28 20 59 30 35 
2 39 25 0 23 2 34 

' 4 40 22 0 - 0 v¢ 1 29 
8 49 23 0 5 0 15 

| Butoxyethanol ester 

4 Wi 34 29 38 32 5 2 39 
Bs lg 35 27 9 31 45 40 41 
2 1 40 31 ! 33 3 68 6 44 

} 2 42 32 0 31 0 ) » 5 
j 4 52 26 0 11 1 50 ? 35 
& 46 2 0 6 2 30 3 31 

LSD 5% Not significant 7 ) 1 1 11 i1 


*Bedstraw 10 inches tall and birdsfoot trefoil 6 inches when treated 
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Figure 2. Average effects of the propylene glycol butyl ether, 
iso-octyl, and butoxyethanol esters of silvex applied on 
November 17, 1956, on the botanical composition of the 
second cutting as influenced by rate. Ithaca, New York, 
August 20, 1957. Each value based on 2 replications of 
each ester. 





Figure 3. Effect of fall application of 2 and 4 Ib/A of iso-octyl ester of silvex on 
bedstraw control in birdsfoot trefoil. Left: 4 lb/A almost completely removed 
bedstraw and allowed birdsfoot trefoil, grass and broadleaf weeds to take over 
Right: 2 Ib/A materially reduced bedstraw stand but occasional stunted bed 
straw plant was present. Untreated plot at extreme left foreground has large 
bedstraw plants. Photographed June, 1957. 
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shows the marked increase in other broadleaf weeds, particularly at 





the higher rates of application. An overall spray of 4 or 8 Ib/A of 
: either amine or ester does not benefit birdsfoot trefoil, for one seri- 
ous weed is replaced by a host of others. Figures 3 and 4 indicate 
: what fall application of esters of silvex as an overall spray can do 


for bedstraw control. 
Spring and summer applications of PGBE ester of silvex. 

Spring applications resulted in the same degree of control as fall 
applications (Table 5). One and 2 Ib/A gave a significant reduction 
in the stand of bedstraw from spring as well as summer applications 





Figure 4. Effect of fall application of 8 Ib/A of propylene glycol butyl ether ester 
of silvex on bedstraw control in birdsfoot trefoil. Complete removal of bed 
straw plants on the right. The butoxyethanol and iso-octyl esters of silvex 
gave similar results. Photographed June, 1957. 


Table 5. Stands of bedstraw (B) and birdsfoot trefoil (T) as affected by spring 
(May 17) and summer (July 6) applications of propylene glycol butyl! ether ester 
of silvex, counted September 19, 1957. Each value based on 2 replications. 


Number of plants in 96 sq ft after treatment on 


Silvex rate 


Ib/A May 17, 19578 July 6, 1957» 

B T B T 

0 42 32 31 33 
A 39 31 25 28 
1 19 39 5 32 
2 5 31 2 12 
3 0 26 1 4 
4 4 28 0 4 


LSD 5% 


*Bedstraw 11 inches tall and birdsfoo: trefoil 7 inches when treated. 
>Bedstraw 6 inches tall and birdsfoot trefoil 4 inches when treated 
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(approximately 2 weeks after first cutting) but spring application 
gave much less initial birdsfoot trefoil injury. The difference in 
birdsfoot trefoil injury is due in part to the difference in recovery 
time when observed. Because of inclement weather, spring treat- 
ments were applied a month later than planned. The data suggest 
possible less injury to birdsfoot trefoil but equal bedstraw control 
at an earlier date of treatment; however, further research is necessary 
to evaluate this possibility. 

No forage was available for harvest from plots receiving spring 
application until late August. The botanical composition of the 
harvest is shown in Figure 5. The spring —. of silvex ester 
differed from the fall applications in reducing broadleaf weed 
encroachment at the high rates and allowing more desirable forage 
grasses to predominate. The lack of birdsfoot trefoil in the sward 
was due to slower recovery from initial stunting. 
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Figure 5. Effect of spring application (May 17) of the propy- 
lene glycol butyl ether ester of silvex on the botanical 
composition of the second cutting as influenced by rate. 
Ithaca, New York, August 20, 1957. Each value based on 3 
replications. The total yields ranged from 2000 to 2330 
Ib/A. 


Summer applications of silvex esters. 

Stand counts from additional plots receiving summer application 
of silvex esters, 2 weeks after first cutting, are shown in Table 6. As 
in Table 5, significant bedstraw control was obtained, but more 
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initial injury to birdsfoot trefoil occurred. No forage yield was 
obtained when application was made in summer. By early spring of 
1958 the birdsfoot trefoil plants had completely recovered except on 
plots treated with 5 Ib/A. Some regrowth of bedstraw had also 
occurred, as in other field trials. 


Table 6. Stands of bedstraw (B) and birdsfoot trefoil (T) as affected by applications 
of silvex esters July 6, 1957." Each value based on 4 replications. 





Number of plants in 96 sq ft on 
Herbicide and rate, ——— 
Ib/A June 27, 1957 Sept. 20, 1957 
B T B I 
Puggetene glycol mangle ether ester 
0 47 48 57 38 
1 46 37 21 37 
2 46 45 5 18 
: 46 44 5 + 
ass és 48 41 2 3 
ins 45 45 1 3 
Iso-octyl ester 
aes 45 33 54 30 
1 41 35 22 24 
2 36 38 7 17 
tad bs 45 35 5 4 
4.. 39 33 2 2 
- eee 40 32 1 2 
Butoxyethanol ester 
0..... 36 40 41 33 
ve | 38 37 - 31 
2 35 44 1 14 
\ | 33 37 0 4 
4 41 36 0 2 
5 28 35 0 1 





*Bedstraw 6-8 inches tall and birdsfoot trefoil 3—5 inches when treated. 


Spot-treatment studies. 

Concurrently with overall field applications, spot treatments with 
alpha- phenoxypropionic acids were made through the fall of 1956 
and spring and summer of 1957. Applications of sufficient gallonage 
to get thorough wetting of the individual bedstraw plants were made 
with a hand sprayer. Both amine and ester formulations of alpha- 
eee ag acids were tested at various rates and stages of 

edstraw growth 

As elsewhere, ester formulations of silvex were more effective at 
lower rates than the amine salts. Early spring application of 3 lb/A 
of ester and also following first cutting consistently gave 100 percent 
control of bedstraw. No regrowth was noted on any spot-treated 
plant in the spring of 1958. All excavated roots of plants designated 
killed were found to be dry and brittle and considerable portions 
of the root system had disintegrated. Although bedstraw control was 
obtained at the pre-bloom, bloom and seed-set stages of growth by 
spot treatment, 7 lb/A was needed to get complete eradication. 


SUMMARY AND CONCLUSIONS 


Chloro-substituted apna phepcxypropsnnic acids, 2—(2,4—dichlo- 
rophenoxy)propionic acid [2-2,4—-DP)], 2-(2,4,5-trichlorophenoxy)- 
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propionic acid (silvex) and 2-(2—methyl—4—chlorophenoxy)propionic 
acid [2-(MCPP)], were effective for the control of bedstraw (Galium 
mollugo) and showed some degree of selectivity in birdsfoot trefoil 
at low rates. The degree of control obtained was a function of rate 
of herbicide used and stage of growth of bedstraw at time of appli- 
cation. Superior control was obtained by spraying vigorously grow- 
ing bedstraw plants in the early vegetative stage of growth. Effective 
rates depended upon formulation used, with 2 Ib/A of silvex esters 
being equivalent in activity to 4 lb/A of 2-(2,4—DP), silvex and 
2-(MCPP) alkanolamine salts. No significant difference among the 
amine salts tested or among the esters of silvex was found. 

Birdsfoot trefoil treated with alpha-phenoxypropionic acids even 
at low rates showed marked temporary injury. The total forage yield 
from first harvest after an overall application was consistently 
reduced regardless of time of application. 

Fall applications of ester or amine formulations of alpha-phenoxy- 
propionic acids brought about an increase in broadleaf weeds pro- 
portional to the rate used. Applications in the spring or on regrowth 
after first cutting did not increase the broadleaf weeds and at high 
rates actually reduced them. 

Under the conditions of the experiments reported, overall appli- 
cations of alpha-phenoxypropionic acid derivatives on heavy infesta- 
tions of bedstraw—30 to 40 bedstraw clumps per 96-square-foot area 
with each clump having a diameter of 15 to 24 inches—complete 
eradication with one application was not obtained regardless of 
rate. Bedstraw stand reductions of 90 to 95 percent were possible. 
However, with spot-treatment follow-up on individual plants that 
survived the initial treatment it was possible to eradicate bedstraw. 
In light bedstraw infestations, spot treatment contro] was effective 
with 3 Ib/A of a silvex ester. 
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Chemistry of Some Amino Acid Derivatives of 
Phenoxyalkylbutyric Acids 


CHARLES F. KkEwson, Epwarp J. SAGGESE and THomas F, Drake! 
INTRODUCTION 


b boon paper reports on the synthesis and ore of 38 new herbi- 
cides, amino acid derivatives of 4—(2,4—dichloropkenoxy)— and 
!-(2—methyl—4—chlorophenoxy)butyric acids. The biological evalu- 
ation of the compounds as selective herbicides is being conducted by 
other investigators and will be published later. 

In the past 18 years major advances have been made in the regu- 
lation of plant growth by use of synthetic organic compounds. Many 
of these new synthetics have reached commercial production and 
are widely utilized as herbicides. The most prominent among these 
have been the variously substituted phenoxyalkylcarboxylic acids. 
rhe literature abounds with reports on their structural configura- 
tion in relation to mode of action, growth-regulating properties and 
selective herbicidal properties. These researchers were stimulated by 
the early work on 2,4—dichlorophenoxyacetic acid and other related 
compounds triggered by such preparative contributions as Pokorny’s 
(7) in 1941. Shaw and Gentner (9) in their paper on the selective 
herbicidal properties of substituted phenoxyalkylcarboxylic acids 
have briefly reviewed the literature on some of the most significant 
contributions concerning the biological activity of these acids. 

Preliminary investigations ?-* have shown that the chemical attach- 
ment of an amino acid through amide linkage to variously sub- 
stituted phenoxycarboxylic acids affects the selective herbicidal 
properties of the latter. The effect seems to depend upon the type of 
amino acid and its optical configuration. The optimum effect 
observed so far has been with an amino acid phenoxy—«—propioni« 
acid series.* Preliminary screening tests® (3, 4, 5) designed to measure 
growth-regulating activity of these compounds have been in close 
agreement with herbicidal evaluation data.‘ Activity tests have 
shown, for instance, a wide difference in the behavior pattern of 
compounds made from D-, L- and DL- optical forms of amino acids. 
Chis difference was greater in the «—propionic acid* (3) than in the 


‘Chemists, Eastern Regional Research Laboratory, Eastern Utilization Research 
and Development Division, Agricultural Research Service, U. S. Dept. of Agri 
culture, Phila. 18, Pa. Present address: T. F. Drake, Courtaulds, Inc., Mobile, 
\labama. 

*Gentner, W. A., and Shaw, W. C. An evaluation of several chemicals for their 
herbicidal properties—1957 field results. USDA Progress Report CR-25-58, ARS, 
Plant Industry Station, Beltsville, Maryland, January 1958, 59 p. 

*Gentner, W. A., and Shaw, W. C. An evaluation of several chemicals for thei 
herbicidal properties—1958 field results. USDA Progress Report CR-6-59, ARS, 
Plant Industry Station, Beltsville, Maryland, January 1959, 68 p. 

‘Shaw, W. C., and Gentner, W. A. Unpublished data. 

Krewson, C. F., Carmichael, J. F., Drake, T. F., Smale, B. C., and Mitchell, J. W. 
Growth Regulators. Synthesis and preliminary evaluations of amino acid deriva 
tives of DL-2-(2,4,5-trichlorophenoxy)propionic acid. J. Agr. & Food Chem, In 
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acetic acid* (4, 5) series of phenoxy compounds tested. In most cases 
D-amino acid derivatives possessed little or no activity and L- and 
DL- derivatives possessed from a low to high order of activity com- 
pared with the parent acid depending upon the plant tested and 
the amino acid utilized. 


OBJECTIVE OF THESE INVESTIGATIONS 


The purpose of the studies reported herein is two-fold: (1) to cre- 
ate new and useful compounds from naturally occurring source 
materials of agricultural origin such as amino acids; and (2) through 
cooperative studies, to expand knowledge of the selective herbicidal 
properties?* of the phenoxycarboxylic acids by extending the prepa- 
ration of amino acid derivatives’ (3, 4, 5, 6) to include the most 
important of the variously substituted phenoxybutyric acids, 4—(2,4— 
DB) and 4~MCPB). This latter objective is to be accomplished by 
investigating the relation of structural configuration to specificity, 
mode of action, and herbicidal effectiveness of the compounds, for 
the control of weeds in a number of important crops. In this con- 
nection, Wain (10) has stated: “Reviewing the evidence at present 
available, it Bors seem that the principle underlying the use of 
y-(2—-methyl—4—chlorophenoxy)butyric acid, y—(2,4-dichlorophe 
noxy)butyric acid, and other aryloxybutyric, caproic, and octanoic 
acids represents a new advance in the field of selective weed control, 
a development which well illustrates the value of fundamental inves 
tigations in furthering the progress of applied research.” 


SYNTHESIS OF AMINO ACID DERIVATIVES 
or 4-(2,4-DB) ann 4—(MCPB) 


For the preparation of amino acid derivatives of these phenoxy 
compounds procedures similar to those previously described (3, 4, 5, 
6, 11) were employed. The amino acids and the two aryloxybutyri« 
acids used in this work were the best obtainable through commercial! 
sources.® 

For amide coupling with the amino acids the 4-(2,4—-DB) and 
4—(MCPB) were first converted into their acyl chlorides (2, 5). The 
following description illustrates the procedure used to prepare both 
acyl chlorides. 

4-—(2,4—Dichlorophenoxy)butyryl chloride. This intermediate was 
prepared in 89.1% yield by the reaction of 249.1 grams (1.0 M) of 

—(2,4—DB) (I) with 158.0 grams (1.33 M) of thionyl chloride. The 
mixture was refluxed on a steam-bath for 4 hours, allowed to stand 
overnight protected from air moisture and then distilled under 
reduced pressure. A main fraction of 239.0 grams distilling at 136- 
140° C. under 0.2 mm pressure with a constant index of refraction, 
n?5,,, 1.5465 was collected following the discard of a small forerun 


“Supplied through the countesy of Amchem Products, Inc., Ambler, Pennsy! 
vania, and May and Baker, Ltd., Daggenham, England. Mention of company o1 
product does not constitute endorsement by the Department over others not 
named. 
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fraction. The product (II) consisted of a colorless, supercooled 
liquid which crystallized upon refrigeration. ‘The melting range of 
this material was 17.0—22.0° C. (uncorr.). 


Analyses for CypHyCl,O.: Cale’d. (%) Found (%) 
Carbon 44.89 44.93 
Hydrogen 3.39 3.38 
Chlorine 39.76 39.43 
C 0—(CH.),COOH soc. ci—4 S—-0—(CH.),coc 
Cl Cl 
I Il 


4—(2- Methyl-4—chlorophenoxy )butyryl chloride. This compound 
was prepared in 73.5% yield using the same techniques as described 
above for the 4-(2,4-DB) chloride. Its boiling range was 115-122° C. 
at 0.2 mm ah, a constant index of refraction, n**,, 1.5340. The 
product also consisted of a colorless, supercooled liquid which 
crystallized when stored in the refrigerator. vn melted at 5.0-9.0° C. 


Analyses for C,,H,.Cl.Os: Cale’d. (%) Found (%) 
Carbon 53.46 53.45 
Hydrogen 4.90 5.19 
Chlorine 28.70 28.62 


N—|4-(2,4-—Dichlorophenoxy )butyryl|—DL-phenylalanine. The 
following details are included to illustrate the general procedure 
used to prepare the amino acid derivatives of both 4—-(2,4-DB) and 
4—-(MCPB): To 5.0 grams (0.03 M) of DL-phenylalanine (III) dis- 
solved in 90 ml. of chilled 1 N sodium hydroxide oe gs was added 
dropwise with mechanical stirring 25 ml. of a cold (5° C.) benzene 
solution containing 8.0 grams of 4—(2 Aidichieeichettiieibanmel 
chloride. The addition of the benzene solution required 15-20 
minutes. A temperature of 5° C. was maintained throughout the 
addition. Following the addition of all the benzene solution the 
reaction mixture, with constant stirring, was allowed to warm up 
to room temperature; stirring was continued for three hours. 

The alkaline reaction mixture was extracted three times, once 
with about 50 ml. and twice with 25 ml. of diethyl ether. The com- 
bined ether extracts were washed once with about 25 ml. of dis- 
tilled water, the latter being returned to the original alkaline aque- 


Cl- 0—(CH.),COCI H.N—CH—CH, 
Cl 
COOH 
Ill 
Oo H 
cl S—o—(CH.),—_C—N—C CH, 
Cl H COOH 


IV 
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ous solution. This solution was then acidified with | N hydrochlori« 
acid using Congo Red test paper following which it was placed in 
the refrigerator for an overnight period. The product (IV) was 
filtered off, washed with water to remove excess acid and dried to 
constant weight in a vacuum desiccator. The weight of the crude 
product was 11.0 grams (92.2% yield), m.p. 121-130° C. (Kofle: 
micro melting point apparatus). 

The crude product was dissolved in hot ethyl acetate, precipitated 
with petroleum ether (boiling range 63-70° C.), and allowed to 
remain in the refrigerator overnight. The crystals were filtered off, 
thoroughly washed with hot petroleum ether and dried to constant 
weight. This recrystallization raised the melting point to 135—139° C. 
The product was again recrystallized from the same solvent system. 
The melting point of the refined produce was 140-141° C.; it 
weighed 9.36 grams (78.8% yield). 


Analyses for CjgHj9Cl,NO,: Cale’d. (%) Found (%) 
Chlorine 17.89 17.68 
Nitrogen 3.53 3.53 


See Tables | and 2 for data on this and other amino acid derivatives 
prepared. 
DISCUSSION OF CHEMISTRY 


In the preparation of most amino acid derivatives of 4—(2,4—-DB) 
and 4~(MCPB) the crude products separated either as crystalline 
white solids or colorless oils which often crystallized on prolonged 
standing at about 5° C. Occasionally these oils did not crystallize 
at low temperatures. After thorough washing with water they were 
submitted to continuous evacuation which usually produced amor- 
phous solids. These solids were then recrystallized in the mannet 
previously described. 

Repeated recrystallization of some derivatives was necessary to 
obtain satisfactory chemical and optical purity. The solvent combi- 
nations required have been indicated by footnotes in Tables | and 
2. In these refinements of crude amino acid derivatives no attempts 
were made to improve yields by working up mother liquors from the 
recrystallizations. 

Although one or more attempts were made to prepare D-, L-, and 
DL- aspartic acid derivatives of 4-(2,4-DB) and 4—(MCPB) only 
one was successful, that of DL-aspartic acid with 4-(MCPB). This 
same experience has been encountered in attempting to prepare 
the three aspartic acid derivatives of DL—2-(2,4,5-trichlorophe- 
noxy)propionic acid®; only the Dl-aspartic acid derivative was 
successfully isolated. However, this was not found to be the case 
with aspartic acid derivatives of DL—2-(2,4—dichlorophenoxy)pro- 
pionic acid or aspartic acid derivatives of chlorine-substituted phe- 
noxyacetic acids (3, 4, 5, 11); all three optical forms of aspartic acid 
derivatives of these acids were successfully prepared. 

Difficulty was encountered in synthesizing both D- and L-threo- 
nine derivatives of 4-(2,4-DB) and 4-(MCPB). Repeated unsuccess- 
ful attempts were made using Schotten-Baumann amide coupling 
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techniques described for IV above. Finally, by this method small 
amounts of the D- and L-threonine derivatives of 4-(2,4-DB) were 
obtained after failures with the Ronwin method (8), the Carter et al. 
method (1) and a number of variations on these procedures. It was 
first thought that the L-threonine derivative of 4—(2,4-DB) was a 
lactone due to the close check of an elemental chlorine analysis 
with the calculated value for a lactone. The compound therefore 
was supplied at this stage of purification for biological evaluation 
along with the other members of these two series. However, nitro- 
gen analysis performed at a later date failed to confirm lactone 
formation. Further purification gave the desired product, giving the 
data presented in Table 1, which are for the highly purified product. 
Biological evaluations made on the impure compound will be inter- 
preted in the light of the presence of a small amount of the phenoxy 
parent acid contaminant. 

The preparation and identification of the D- and L-threonine 
derivatives of 4-(MCPB) will be the subject of another report since 
this chemistry became somewhat involved. The chlorine and nitro- 
gen analyses data support the formation of the desired compounds 
but with one less molecule of water. This water was formed by the 
loss of the hydroxyl group of threonine and a hydrogen atom from 
its terminal methyl group resulting in the formation of a terminal 
double bond: 

R—CHOH—CH, —H,O R—CH=CHg. 
—_——> 

Since the completion of these studies threonine derivatives of 
phenoxy acids in general have been found to possess moderate water 
solubility which may account for the low yields experienced when 
Schotten-Baumann procedures have been used. 


SUMMARY 


1. Thirty-eight new amino acid derivatives, 19 of 4-(2,4-DB) and 
19 of 4-(MCPB) have been synthesized and their properties studied. 

2. Both 4—(2,4—DB) and 4-(MCPB) formed amides with the D-, L-, 
and DL- optical forms of alanine, leucine, methionine, phenylala- 
nine, threonine, and tryptophane. 

3. Unsuccessful attempts were made to prepare the optically active 
aspartic acid derivatives of both 4—(2,4-DB) and 4-(MCPB). DL- 
asparatic acid did form an amide with 4—(MCPB but not with 4-(2,- 
1—-DB). 

4. D- and L-Threonine formed unique compounds with 4—MC- 
PB) involving the terminal methyl group of threonine in the forma- 
tion of a double bond. 

5. Most of these amino acid derivatives of the phenoxybutyric 
acids were readily prepared and analyzed and possessed sharp melt- 
ing points; hence they may be useful in the characterization of 
amino acids. 

6. Biological evaluation of these compounds as selective herbicides 
is being conducted by other investigators and will be reported later. 
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Some of the compounds are also being evaluated as estrogens, 
fungicides, insecticides, and anticancer agents. 
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Leafy Spurge Control with Cultivation, 
Cropping and Chemicals’ 


Lyte A. DerscHem, KeitH E. WALLACE and Russet L. NAsH? 


1) AFY spurge is a perennial weed that is found in almost every 
state north of the fortieth parallel and in the southern portions 
of most Canadian provinces. Heaviest infestations are found in 
Minnesota, the Dakotas and the Prairie Provinces. 

Hanson and Rudd (10) conducted extensive life history studies in 
North Dakota. They ry the name Euphorbia virgata Waldst. 
& Kit.; however, Stevens (12), also of North Dakota, used the name 
Euphorbia esula L. The: two names apparently were used for the 
same species. Hanson and Rudd (10) described it as a long-lived 
perennial herb, somewhat woody at the base, containing milk sap. 
It grows to a height of 14 to 40 inches and propagates by means of 
myo and roots. Near Fargo, average plant height was / inch April 

, 1% inches April 19, 31% inches April 23, and 12144 inches April 30. 
Floweri began to appear by the end of May. This rapid early growth 
gives the weed a great advantage over most crop plants. 

“The most formidable part of the plant is the root...It is well 
developed. The large tap root begins to branch into a number of 
large, woody, brown-colored branches near the surface. The fine 
roots are numerous, especially near the surface and when suitable 
conditions occur in deeper soil. The maximum depth at which roots 
were found was at the water table at 8 feet. The maximum lateral 
spread was 31% feet” (10). This description is very similar to the 
description of the root system of field bindweed (Convolvulus arven- 
sis L.) given by Frazier (9). The main differences are that the leafy 
spurge root is more woody and less extensive in a clay soil than the 
root of a non-competing bindweed plant growing in a sandy loam 
soil. Pieces of leafy spurge roots as small as one-half inch long and 
one-eighth inch in diameter produced new shoots which grew 
rapidly (10). 

The fruit is a 3-chambered capsule, explosively dehiscent, usually 
along the line of union of the carpels. Normally each carpel contains 
one seed. Nearly 50 percent of the fruits produce one mature seed, 
about 35 percent produce two, and 15 to 20 percent produce three. 
In the vicinity of Fargo, the fruits begin to ripen about July 10 
and continue until September. Upon maturity the seeds are forcibly 
discharged up to a distance of at least 13 feet. In one test, they were 
uniformly distributed in an area extending from | to 13 feet from 
the parent plant (10). 

Thousands of acres of farmland are infested with leafy spurge. 


‘Approved for publication by the Director of the South Dakota Agricultural 
Experiment Station as Journal Series No. 429. 

*Agronomist, South Dakota Agricultural Experiment Station; Extension Weed 
Specialist, South Dakota Extension Service (formerly Graduate Assistant); and 
Chief, Division of Seeds and Weeds, Nebraska Dept. of Agriculture (formerly 
Graduate Assistant at South Dakota State College) respectively. 
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Since it is not economically possible to put the land out of produc- 
tion while the leafy spurge is being eliminated, the objectives of the 
study reported in this paper were to determine methods of eliminat- 
ing the weed in large areas while crops adapted to South Dakota 
were being produced and to determine methods of eliminating small 
infestations with chemicals. 

Very few data could be found in the literature to serve as a guide 
when planning the study. However, life history studies (9, 10), root 
reserve studies (1, 3, 4, 8), and methods of control studies* (2, 3, 11, 
13) indicated that leafy spurge and field bindweed were similar in 
growth habits, and that some of the methods for eliminating field 
bindweed were effective for the control of leafy spurge. 

When bindweed roots were cut 4 inches below the soil surface 
every 14 days, root reserves were reduced (8). A duckfoot cultivator 
proved to be an effective implement for cutting the shoots in 
the field (11, 13), and it was desirable to start operations early in the 
spring to take advantage of the decline in root reserves during 
the winter (4). The 14-day interval between cultivations sometimes 
could be lengthened to 3 weeks, especially during the late summe! 
when plants became dormant (13). In other work, the best interval 
§ was 2 weeks for bindweed, 3 weeks for Russian knapweed Centaurea 
repens L., and 4 weeks for hoary cress (Cardaria draba (L.) Desv.) 
PY and dogbane (Apocynum cannabinum L.) (14). Complete elimina- 

tion of these weeds was obtained in | to 2.5 years. To secure similar 

results with leafy spurge, it was necessary to cultivate semi-weekly 
. for 2 years when a spring-tooth harrow was used (2). 
a Early spring cultivation, followed by a close-seeded crop of forage 

sorghum, soybeans, or sudangrass harvested for forage, followed by 
; fall cultivation, reduced bindweed stands and resulted in complete 
.S elimination when continued for 3 years (3, 11, 13). Similar results 
were obtained with leafy spurge (2). Buckwheat was an equally 
effective crop on quackgrass. 

Alfalfa or alfalfa-perennial grass mixtures were sufficiently com- 





* 
B petitive to reduce stands of bindweed that had been weakened by a 
a short season of intensive cultivation (3, 11). Perennial grasses pre- 
1a vented bindweed from spreading (13), but were less effective for 
a: reducing stands than alfalfa or alfalfa-grass mixtures (11). However, 
oy bindweed stands were reduced by spraying bromegrass with 2,4—D. 
3 Alfalfa was less effective for controlling leafy spurge (2). 


Two or three crops of winter wheat or rye alternated with inten- 
sive cultivation between crops gave elimination of bindweed (3, 11, 


a 13), and spring sown grains were equally effective. However, spring 
rs sown grains or corn could not compete effectively with leafy spurge 
a (2). Spraying spring sown grains with 2,4—D could be used to replace 
4 cultivation between crops for the elimination of bindweed, but 
[ elimination was obtained in less time when spraying and cultivating 


: were both utilized. 
t oe 


*Stahler, L. M., and Derscheid, Lyle A. Unpublished data from South Dakota 
i Bindweed Research Farm, 1946-1950. These data support most of the statements 
} made in this section on control of bindweed. 
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Numerous experiments conducted by the authors indicated that 
2,4—-D was equal to or superior to 2,4,5-T, MCPA, and several 
related chemicals for control of leafy spurge. Results indicated that 
the ester forms of 2,4—-D were more readily absorbed than the amine 
forms. Leafy spurge reacted to less than one-fourth pound acid 
equivalent per acre. However, the stand was not materially reduced 
by 2 or 3 treatments in | year with much higher rates. Although the 
weed was easily affected by the chemical, it was quite resistant. It 
appeared that the weed could be weakened with 2,4—D so that a crop 
could compete more effectively with it or that cultivation could kill 
it more readily. 

These results indicated that the objectives of this study could 
be attained with the proper combination of crops, cultivation, and 
chemicals. If the area were cultivated when not occupied by a crop 
and if the weed were selectively sprayed in a crop tolerant to the 
chemical, it appeared that several combinations might eliminate the 
weed in a few years. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Screening trials in which rates, dates, formulations, and chemicals 
were compared had been conducted during 1948-50. It became 
apparent that the chemicals available were not practical for elimina- 
tion of large infestations of leafy spurge. Consequently 30 acres of 
land heavily infested with leafy spurge were leased during 1950 to 
study methods of eliminating this weed. The land was a part of the 
Pir Nilsson estate located 18 miles northeast of Clear Lake in Deuel 
County, South Dakota, where annual rainfall is normally about 
22 inches. 

Approximately one-third of the area was divided into plots in 
1950, a second third was divided in 1951, and the remainder in 1952. 
Four general types of experiments were conducted: (1) 3-year trials 
involving the use of annual crops, cultivation, and 2,4—D; (2) 3-year 
trials involving the use of perennial crops, cultivation, and 2,4—D; 
(3) comparisons of soil sterilants applied at several rates and dates 
for eliminating small patches; and (4) l-year tests in which new 
chemicals were screened for possible use on large infestations. Soil 
sterilant treatments were made on plots 9 by 15 feet, but all other 
plots were 1 rod by 3 or 5 rods. The soil had a loam texture. 


Annual crops, cultivation, and 2,4—-D. 

A 3-year experiment involving the use of annual crops (winter 
rye, oats, sudangrass, and buckwheat), intensive cultivation, and 
2,4—-D was initiated during the fall of 1950. Weed counts were made 
on 4 one-square-yard areas of each plot during the middle of May 
each year. The final counts were made in May, 1954. Identical 3-year 
experiments were initiated during the falls of 1951 and 1952, and 
they were completed during May, 1955 and 1956. Each experiment 
included the same 33 treatment combinations. Each treatment was 
repeated once in a randomized block design. The treatments and 
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the percentage of leafy spurge killed in the three experiments are 
given in Table 1. 
Table 1. The mean percentages of leafy spurge eliminated by the use of annua! 
crops, cultivation and 2,4—-D (means for 3 experiments). 
First Second year Third year Fourth year 
fall - _ 
treatment | Per cent | Per cent an Per cent 
Treatment* kill | Treatment* kill Treatment* kill 
ses bases eT ee ee Lilia 
1. Plow.. | Cult. 2-wks. 96 | Cult. 2-wks. 100 
2. Plow | Cult. 3-wks. 92 Cult. 3-wks. 100 
3. Rye | Cult., rye 10 Cult., buck. 60 Cult., buck. 78 
4. Rye | Cult., rye 10 Cult., sudan 70 Cult., sudan 8 
5. Rye | Cult., rye 10 =| Cult., rye 22 Cult., rye 52 
6. Rye | 1 tb, cult., rye 71 Cultivate 55 Cult., buck. 80 
. Rye | 1 Ib, cult., rye 71 1 Ib post 61 Cult., buck. 86 
8. Rye | 1 Ib, cult., rye 71 Cultivate 55 Cult., sudan 88 
9. Rye | 1 Ib, cult., rye 71 1 Ib post 61 | Cult., sudan x4 
10. Rye 1 Ib, cult., rye 71 Cultivate 55 Oats & Ib 48 
11. Rye 1 Ib, cult., rye 71 1 ib post 61 Oats &% Ib 46 
12. Rye 1 Ib, cult., rye 71 Oats \% Ib, cult. 71 Oats % Ib 68 
13. Rye 1 Ib, post, rye 72 ~=—«| Cultivate 18 Cult., buck. 82 
14. Rye 1 Ib, post, rye 72 | 1 Ib post 67 Cult., buck. 78 
15. Rye 1 Ib, post, rye 72 | Cultivate 18 Cult., sudan 82 
16. Rye 1 Ib, post, rye 7 | 1 Ib post 67 Cult., sudan 76 
17. Rye | 1 Ib, post, rye 72 =| Cultivate 18 Oats \%& Ib 32 
18. Rye 1 Ib, post, rye 72 | 1 Ib post 67 Oats & Ib 30 
19. Rye | 1 Ib, post, rye 72 Oats \% Ib, cult. 72 Oats \& Ib 64 
bt 20. Rye | 1 Ib & 1 Ith, rye 83 Cultivate 34 Cult., buck. 90 
' 21. Rye 1 lb & 1 Ib, rye 83 1 Ib post 73 Cult., buck 82 
ih 22. Rye .| lib & 1 Ib, rye 83 | Cultivate 34 Cult., sudan 82 
+3 23. Rye | 1 Ib & 1 Ib, rye 83 1 Ib post 73 Cult., sudan 86 
Bs, 24. Rye | 1 Ib & 1 Ib, rye 83 Cultivate 34 Oats % Ib 45 
34 25. Rye |1ib&1lb,rye | 83 1 Ib post 73 Oats &% Ib 30 
33 26. Rye 1 Ib & 1 Ib, rye 83 Oats % Ib, cult. 83 Oats \& Ib 4 
: 27. Rye | \% lb & 1 Ib, rye 80 Cultivate 45 Cult., buck. 90 
i 28. Rye. | 4 Ib & 1 Ib, rye 80 1 Ib post 76 Cult., buck 82 
29. Rye | 4% Ib & 1 Ib, rye 80 Cultivate 45 Cult., sudan 88 
: 30. Rye | 44 Ib & 1 Ib, rye 80 | 1 Ib post 76 Cult., sudan 88 
31. Rye | 4% Ib & 1 Ib, rye 80 Cultivate 45 Oats, % Ib 62 
32. Rye \% lb & 1 Ib, rye 80 1 Ib post 76 Oats, 4 Ib 46 
33. Rye | 44 Ib & 1 Ib, rye 80 =| Oats B lb & 1 Ib 80 Oats, % Ib 72 
Mean rye yiclds (bu/A): untreated, 16.4; 4% Ib 2,4—D, 14.0; 1 Ib 2,4—D, 14.0 
A) *“Lb” refers to amount of 2,4—D applied per acre; ‘‘post” to post harvest application of 2,4—D; 
y) “buck.” to buckwheat and “‘cult.” to intensive cultivation. 
F During the first fall all plots were plowed. Plots receiving treat- 
ik ments 3 to 33 were seeded to winter rye at the rate of 2 bushels 
%} per acre. 
' During the second year plots receiving treatments | and 2 were 
x cultivated intensively at 2-week and 3-week intervals, resulting in 
a 96 and 92 percent elimination of spurge, respectively. All culti- 
0 vations were performed with a 7-foot field cultivator equipped with 
+ nine 12-inch sweeps that overlapped. All operations were done at a 
ie depth of about 4 inches. 
re a 2 ~ 
a Plots receiving treatments 3 to 5 were harvested, plowed once 
4 after harvest, cultivated twice, and seeded to a second rye crop. 
' Ten percent of the leafy spurge was killed. 
Treatments 6 to 12 were like treatments 3 to 5, except that they 
} included a spring application of | pound acid equivalent of an ethyl 
} ester of 2,4—D per acre shortly before the rye reached the boot stage 
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of growth in addition to the harvesting, post-harvest plowing and 
cultivating, and the seeding of a second rye crop. Treatment 12 
included an extra cultivation instead of the second rye crop. Seventy- 
one percent of the spurge was eliminated by these treatments indi- 
cating that the spring application of 2,4—-D was very helpful in 
eliminating the weed. 

‘Treatments 13 to 19 were like treatments 6 to 12 except that the 
application of 2,4-D was made in the stubble after harvest. This 
allowed time for the post-harvest plowing, but no duckfooting before 
the second crop of rye was seeded. Treatment 19 included a culti 
vation, however, because rye was not seeded. Seventy-two percent 
of the spurge was killed indicating that the post-harvest spraying 
was as effective as the spring spraying. 

Treatments 20 to 26 included a combination of a spring appli- 
cation of | pound of 2,4—-D as in treatments 6 to 12, and a post- 
harvest treatment of | pound as in treatments 13 to 19. The percent 
kill was increased to 83 percent, indicating that the additional 
2,4—D application was helpful. 

Treatments 27 to 33 were similar to treatments 20 to 26 except 
that only one-half pound of 2,4-D was applied in the spring treat- 
ment. Since 80 percent of the spurge was eliminated, indications are 
that the I-pound rate used in treatments 20 to 26 was not superior 
to the one-half pound rate used in these treatments. 

During the third year the intensive cultivation used in treatments 
1 and 2 killed the remainder of the leafy spurge plants. These 
results indicate that the 3-week interval, which required 8 culti- 
vations per year, was as effective as the 2-week interval with 10 
operations. 

Treatments 3 and 4 included 3 cultivations before buckwheat or 
sudangrass was seeded during late June. Buckwheat seed and sudan- 
grass forage were harvested during early September, and the stubble 
was fall plowed. These treatments killed 50 and 60 percent of the 
spurge, respectively. 

Treatment 5 included the harvesting of the rye crop, post-harvest 
plowing, and 2 cultivations before a third crop of rye was seeded. 
The stand of spurge was reduced an additional 12 percent. Treat- 
ments 6, 8, 10, 13, 15, 17, 20, 22, 24, 27, 29, and 31 were similar 
to treatment 5 except that a third crop of rye was not seeded. In 
each case the spurge became thicker than it was at the end of the 
previous year. 

Treatments 7, 9, 11, 14, 16, 18, 21, 23, 25, 28, 30 and 32 substi- 
tuted a l-pound application of 2,4—D in August and fall plowing 
for the plowing and cultivation used in the majority of the other 
treatments. In each case the stand of spurge became thicker. 

Treatments 12, 19, 26 and 33 included the seeding of an oats crop, 
which was sprayed with one-half pound of ester when the grain was 
in the 5-leaf stage. The stubble was plowed and cultivated twice. 
The stand of leafy spurge was not affected. The results once again 
point to the usefulness of a spring application of 2,4—D. 

During the fourth year, 18 treatments included three spring culti- 
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vations followed by a close-drilled seeding of buckwheat or sudan- 
grass, which was harvested in early September. Buckwheat was har- 
vested for seed and sudangrass for forage and the stubble was 
plowed. Both crops increased the percentage kill of leafy spurge to 
between 75 and 90 percent. The percentage kill at the end of the 
previous year appeared to have little effect on the results. 

Eleven treatments included an oats crop that was sprayed with 
one-half pound of 2,4—D during the spring. In each case the treat- 
ment failed to increase the percentage of elimination beyond the 
point reached the previous year, and in half of the cases, the stand 
increased somewhat. 

Treatment 5 included 3 years of the old “fallow-rye” method. 
eliminated 52 percent in 3 years. 


Perennial crops, cultivation, and 2,4—D. 

Three experiments involving the use of perennial forage crops, 
cultivation, and 2,4—D were conducted. They were initiated in Au- 
gust, 1950, 1951, and 1952, and were completed during May, 1954, 
1955, and 1956. Each experiment included the same 44 treatments. 
Each treatment was repeated once in a randomized block design. 
Weed counts were made on 4 square-yard areas of each plot in mid- 
May each year. Twenty-four of the treatments and the mean per- 
centage elimination for the 3 experiments are given in Table 2. 
The other 20 treatments were like the last 20 listed in the table, 
except that only 4 lb/A of 2,4—D was applied. The percentage of 
elimination was 10 to 30 percent lower. 


Table 2. The mean percentages of leafy spurge eliminated by the use of 
perennial crops, cultivation, and 2,4—-D (means for 3 experiments). 





—————— — a 








~ 
’ 2nd year 3rd year 4th year 
hig First a. eal hen 
a4 fall o Per cent on Per cent nd Per cent 
+ Treatment kill Treatment* kill Treatment* kill 
‘y 1. Alfalfa Alfalfa 62 Alfalfa 29 Alfalfa 42 
oh 2. Alf-brome nt a 56 | Alf-brome 53 Alf-brome 79 
i 3. Brome rome 5 Brome 39 Brome 69 
g ; 4. Plow.. Cult., brome 95 | Brome 97 Brome 96 
BP 5. Plow... Cult., brome 95 |1 Ib May 96 Brome 93 
“4 6. Plow. ..| Cult., brom 95 1 Ib Jun 98 | Brome 94 
Re 7. —* Cult. home 95 | 1 Ib Sept. 99 | — 99 
oe 8. Plow.... Cult., — | 95 | 1 Ib May & Sept 98 Brome 97 
; 9. Brome... .| 1 Ib Ma 49 | Brome 66 Brome 79 
i, 10. Brome. 4 1 Ib. June 45 | —— 58 ne 76 
a 11. Brome. 1 Ib Sept. 21 | Brome 59 rome 71 
et 12. Brome. . 1% May & Sept 52 ry 60 weve 75 
13. Brome rome 5 | 1 Ib May 45 | Brome 61 
14. Brome. . Brome | 5 | 1 Ib June 61 | Brome 68 
%) 15. Brome. Brome 5 1 Ib Sept. 60 Brome 66 
16. Brome. | Brome 5 | 1 lb May & Sept 60 Brome 58 
17. Brome 11 “4 May 49 | 1 Ib May 74 Brome 78 
18. Brome i11 ~ 45 | 1 Ib June 62 Brome 68 
at 19. Brome. . . .| 1 ib 21 | 1 Ib Sept. 65 Brome 77 
20. Brome... | 1 1b May & Sept. 52 i May & Sept 66 Brome 81 
21. Brome... .| 1 Ib May 49 rome 73 1 Ib May 84 
am 22. Brome 1 ib I une 45 Brome 44 1 Ib June 80 
23. Brome | 1 Ib ed | 21 | Brome 70 1 Ib Sept. 85 
Q 24. Brome | IIb May & Sept. 52 | Brome 81 1 Ib May & Sept 91 








**Lb” refers to amount of 2,4—-D applied per acre; and “‘cult.”” to intensive cultivation. 
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All plots were plowed during August the first summer. Treat- 
ments | and 2 consisted of seeding alfalfa and an alfalfa- -bromegrass 
mixture, while treatments 3 and 9 to 24 included the seeding of 
bromegrass. Alfalfa was seeded at the rate of 8 Ib/A and bromegrass 
at 12 Ib/A. A top dressing of 200 Ib/A of 16-20—0 fertilizer was 
“disked in” prior to seeding. One peck of oats per acre was seeded 
as a companion crop. The grasses were mixed with the oats and 
seeded with them. 

During the second year, plots receiving treatments 5 to 8 were 
cultivated every 2 weeks with a duckfoot cultivator from mid-May 
until mid-August, when the bromegrass was seeded in the same man- 
ner as was used the previous fall. The stand of spurge was reduced 
95 percent. 

One crop of hay was harvested from bromegrass plots and two 
from plots convaining alfalfa. One lb/A of an ethyl ester of 2,4—D was 
applied in treatments 9 to 12 and 17 to 24 on the dates indicated 
in Table 2. Between 21 and 52 percent of the leafy spurge was killed 
by these treatments. More spurge was killed by mid- May or late 
June applications than by early September treatments, and the 
spring sprayings were equi al to 2 sprayings made in May and Sep- 
tember. 

\lfalfa seeded alone or in a mixture with bromegrass was more 
effective than bromegrass seeded alone but less effective than an 
alfalfa-bromegrass mixture. In one experiment, exceptionally good 
stands of alfalfa were obtained. By the end of the second year, it 
appeared that the leafy spurge was eliminated. However, the second 
mowing was delayed until September | to show the results on a field 
day. The late mowing resulted in considerable winterkilling. The 
thinned stand of alfalfa allowed the spurge to regain vigor the 
next year. 

During the third and fourth year, the stand of leafy spurge was 
reduced whenever 2,4—D was applied, and the date of application 
did not appear to be important. Bromegrass appeared to have 
enough competitive ability to reduce spurge stands after the plants 
had been weakened by cultivation or a 2,4—D application. The only 
treatments that eliminated 90 percent of the spurge in 3 years 
included a short season of intensive cultivation the first year. 
Although plots receiving the cultivation produced only 2 crops of 
hay, they produced a total of 4.9 tons of hay, while those producing 
3 crops yielded a total of 5 tons. 

One-half of each bromegrass plot received a top dressing of 100 
pounds of 33.5—-0-0 fertilizer during May of each year, and alfalfa 
plots received 200 pounds of 0-46—0. Separate leafy spurge counts 
were made on each half. The mean percentage elimination was 76 
percent on the fertilized half and 75 percent on the unfertilized 
half, indicating that the fertilizer did not increase the competitive 
effect of the crop. 


Soil sterilants. 
Three experiments were conducted to determine the optimum 
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rate of application of numerous soil sterilants for the elimination 
of small patches of leafy spurge. In each experiment, the chemicals 
were compared at 2 dates—late July and mid-September. Shortly 
alter treatment the plots were observed to determine which chemi- 
cals were faster acting. The following year the effects of the chemicals 
on the weed and the grass sod infested with the weed were noted. 
Each succeeding year, the plots were plowed and seeded to oats to 
determine the length of time that the chemicals would inhibit small 
grain production. The treatments and data are shown in Table 3. 


Table 3, The minimum rate of soil sterilants required to give 95 per cent 
elimination of leafy spurge—speed of top kill and years of residual effect. 








1 
| Lb per | Top Residual effect, 
| sq rd* kill® years 
ee 7 | 
Boron carriers 
rascu® ©. . | 15 | 11 3-54 
Concentrated Borascu> 8-10 9 3-5 
Polybor'.. . , | 8-10 ~ 3d 
Chlorates | 
Sodium chlorate 5 5 3-4 
Adacide*. . : 6-8 4 3-4 
Borate-chlorate mixtures 
Polybor-chlorate™ 8-10 6 3 
Chorax® ". 8-10 6 3-4 
Borate-chlorate-monuron mixtures® | 
Chlorea® 5-8 7 2 
UreaborP ~ 10 $4 
Borax-2,4—D mixture® 
DB Granular’, dry 5-7 4 1 
DB spray. . 5 3 1 
Ammonium sulfamate, 80% (Ammate) 5 1 1 
Substituted urea compounds® 
Monuron f ‘ 5 
Diuron f f 4+ 
Fenuron f f 3 
Erbon (Baron) 0.5-1 2 2 


*Amount of active ingredient for substituted ureas and erbon and amount of product for all others. 
»No. 1 caused quickest top kill and No. 11 the slowest. 
eIncluded in only one experiment. 
4Kochia and Russian thistle produced rank growth the second year after treatment 
*Included in only two experiments. 
fOne-half pound failed to kill over 30 per cent of spurge. 
«Sodium borate ore, 34% boron trioxide. 
Sodium borate ore, 61.5 per cent boron trioxide. 
iDisodium octaborate tetrahydrate (64 per cent boron trioxide). 
*Sodium chlorate 58 per cent. 
™Disodium octaborate tetrahydrate 73 per cent (49 per cent boron trioxide), sodium chlorate 25 
r cent. 
1 *Sodium metaborate 58 per cent, sodium chlorate 40 per cent 
°Sodium metaborate 57 per cent, sodium chlorate 40 per cent, monuron | per cent. 
PDisodium tetraborate pentahydrate 63.2 per cent, disodium tetraborate decahydrate 30.8 per 
cent (41.5 per cent boron trioxide), monuron 4 per cent. 
‘Disodium tetraborate pentahydrate 55 per cent, disodium tetraborate decahydrate 35.5 per cent 
(39.2 per cent boron trioxide), 2,4—D, 7.5 per cent. 





All chemicals were more effective when applied during the fall. 
The lower rate shown in Table 3 was effective when applied in Sep- 
tember, but the higher rate was sometimes needed for July appli- 
cations. 

At these rates of application, bromegrass, crested wheatgrass and 
bluegrass sods were damaged the least by borax—2,4—D mixtures, fol- 
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lowed by borax compounds and ammonium sulfamate. All com- 
pounds containing sodium chlorate, erbon or substituted ureas 
killed practically all of the grasses. On one occasion, sodium chlorate 
did not kill bluegrass; a heavy rain fell shortly after application ol 
the chemical and pesisliacke: leached it into the soil below the grass 
roots. 


Other chemicals. 

Numerous other chemicals were tested for their effect on leafy 
spurge. Three of them showed promise of being useful for control- 
ling the weed. The tests were conducted on plots | rod by 3 or 5 
rods. All treatments were repeated once in half the experiments and 
were repeated twice in the others in a randomized block design. 

TBA. In 4 experiments conducted during | getter 2,3,6—trichloro- 
benzoic acid was applied at rates of | to 6 Ib/A acid equivalent to 
leafy spurge that was 6 to 12 inches tall Pie mid-May. Approxi- 
mately 10 days later, the spurge was plowed under wee corn was 
planted. The corn was cultivated 3 times, and % Ib/A of 2,4-D 
ester was applied to some plots near the time of the second a0 1) 

vation. An ethyl ester was used in some of the experiments and <¢ 
butoxyethanol ester in others. There was no damage to the corn 
in these four experiments or in one of two similar tests conducted 
on Russian knapweed. However, corn was killed in one Russian 
knapweed test. 

Three of the leafy spurge experiments have been completed. 
Rates of 4 to 6 Ib/A, killed 80 to 90 percent of the spurge. The 
application of 2,4—D did not improve the results. 

In three experiments conducted during 1956-58, 2,3,6-TBA was 
applied in grain stubble during late August, and the stubble was 
plowed 10 days later. In two of the experiments, 14 Ib/A of 2,4—D 
ethyl ester had been applied when the grain was in the 5-leaf stage 
of growth. Rates of 4 and 6 Ib/A TBA killed 75 to 85 percent of 
the spurge. The 2,4—-D prevented the spurge from producing seed, 
but did not appear to aid in killing the spurge. Residual effect of 
the 6-pound rate was to reduce the yield of oats, planted the year 
following the 1956 experiment, by 15 percent, but there was no 
effect on corn planted the year following the 1957 experiment. 

I wo-yea1 experiments utilizing 2,3,6-TBA before corn | year 
and after grain the next or vice versa have been initiated. 


{mitrol. During early June for each of 2 years, 3—amino-1,2,4-tria- 
zole was applied to leafy spurge growing in bromegrass sod. A rate 
of 8 Ib/A, active ingredient, gave 99 percent elimination each year, 
and killed about 75 percent of the bromegrass. Similar applications 
made in cultivated land were not satisfactory. 

Amitrol was also applied in the experiments with TBA during 
mid-May before planting corn and during mid-August in grain stub- 
ble. Rates of 4, 6, and 8 Ib/A, active ingredient, applied during 
the spring, killed 70 to 80 percent of the spurge without injuring the 
corn. The application of 2,4—D in the corn did not influence the re- 
sults. Similar rates, applied in the stubble, killed less than 30 per- 
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cent of the spurge in the 1956 experiment, which did not receive a 
2,4—-D treatment in the grain. However, these rates killed 60 to 75 
percent of the spurge in the 1957 experiment after 14 lb/A of 2,4—D 
ester had been applied in the grain. 

Silvex. Ten pounds acid equivalent of 2-(2,4,5-trichlorophenoxy)- 
propionic hac! gases acre were applied to leafy spurge growing in 
bromegrass in two experiments. Application during early June or 
mid-August eliminated 99 percent of the spurge in each experiment. 

Silvex also was applied in some of the experiments with TBA 
and amitrol—during mid-May before planting corn and during mid- 
August in zrain stubble. Rates of 10 and 20 pounds acid equivalent 
per acre, applied during the spring, were not effective on the spurge 
and damaged the corn in two experiments. Rates of 10, 15, and 20 
pounds per acre, applied in the stubble, killed less than 40 percent 
of the spurge in the 1956 experiment, which did not receive a 2,4—D 
treatment in the grain. However, a 10-pound rate killed 82 percent 
of the spurge in the 1957 experiment, after 14 lb/A of 2,4—D ester 
had been applied in the grain. The residual effect of the 20-pound 
rate was to reduce the yield of oats, planted the year following the 
1956 fall treatment, by 30 percent. 


DISCUSSION 


Leafy spurge apparently is more difficult to eliminate than field 
bindweed. Although intensive cultivation appears to be equally 
effective on both species, the competitive crops and 2,4—-D appear 
R to be less effective on spurge. 
oi In this study, intensive cultivation eliminated over 90 percent 
e of the spurge in | year and 100 percent in less than 2 years, regard- 
id less of whether the operations were performed at 2- or 3-week inter- 
vals. Similar results have been obtained by cultivating spurge with 
a duckfoot cultivator every 2 to 3 weeks (6) or with a spring-tooth 
harrow twice each week (2). Spurge appears to be similar to bind- 
weed as the latter was completely eliminated in 2 years or less when 
duckfoot cultivated at 3-week intervals for the entire season* (11, 13). 

The “fallow-rye” method, which has been successfully used for the 
P elimination of bindweed* (3, 11, 13), was less effective for killing 
spurge. The stand reduction was 10, 22, and 52 percent at the end 
of the first, second, and third years, respectively. 

Close-drilled crops of sudangrass and buckwheat appeared to be 
more strongly competitive than other crops used in this study. When 
three cultivations were performed before seeding and the stubble 
was plowed after harvest, these crops appeared to have the ability to 
. reduce leafy spurge stands about 50 percent in | year and 80 percent 
tp in 2 years. Complete elimination of spurge in 2 years has been 
a accomplished when a crop of close-drilled forage sorghum or soy- 
beans was handled in a similar manner (2). However, the results in 
this study are similar to those obtained with bindweed (3, 11, 13) 
when forage sorghum or soybeans was used as the competitive crop. 
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Previous work (2) indicates that the seeding of a leafy spurge 
infested area to a spring-seeded grain is a useless procedure. Similar 
results were obtained in this study, Spurge starts so early in the 
spring that it gets ahead of spring-seeded crops. However, an appli- 
cation of 4 Ib/A of 2,4—D ester checks weed growth, making it 
possible for the grain to get ahead and hold the weeds in check. 
The results indicate that a reduced stand of leafy spurge can be 
held in check, but not further reduced during a year that a small 
grain crop is raised if 2,4—-D application is made. This leads to the 
possibility of using some system that will reduce the stand on alter- 
nate years with small grain that is sprayed. Alternate years of inten- 
sive cultivation and small grain sprayed with 2,4—D is an effective 
method (6). 

Although alfalfa was a good competitive crop for controlling bind- 
weed (3, 11), it did not compete strongly with spurge in this study 
or in other experiments (2). Leafy spurge emerges at or before the 
time that alfalfa commences spring growth, and the spurge produces 
a rank growth which stays ahead of the alfalfa. Bindweed, on the 
other hand, emerges after alfalfa develops, and its prostrate form 
of growth allows the alfalfa to overshadow it. 

Bromegrass was effective in reducing leafy spurge stands when 
aided by cultivation or application of 2,4-D. A short season of 
intensive cultivation prior to a fall-seeded crop eliminated 95 per- 
cent of the spurge. Bromegrass was capable of holding the weed in 
check, without the aid of 2,4—-D. However, the stand was not further 
reduced even when 2,4—-D was used. 

When the cultivation was omitted, bromegrass that was sprayed 
with 2,4-D slowly reduced the stand of leafy spurge. The date of 
treatment appeared to be unimportant although fall treatments were 
least effective the first year. Two treatments a year did not appear 
to be superior to | treatment. 

The results obtained from spring applications of amitrol or 
2,3,6-TBA before planting corn and from fall applications made in 
the stubble of small grain that had been sprayed with 2,4—-D indi- 
cate that these chemicals may be useful for controlling large infesta- 
tions of leafy spurge. However, more needs to be learned about using 
the chemicals, and their price will probably have to be reduced 
before they are put into widespread use. Numerous investigators 
have reported in the Regional Weed Conference Research Reports 
that 2,3,6-TBA was effective on leafy spurge when used at rates 4 
or 5 times greater than those used in this study. 

The results in this study indicate that numerous soil sterilants 
can be used to kill small patches of leafy spurge. Some of them 
appear to be better adapted to certain situations than others. Borax 
compounds are less apt to injure perennial grasses and appear to be 
better suited for treating spurge growing in sod. Ammonium sulfa- 
mate and borax-2,4—-D mixtures have shorter periods of residual 
effect and appear to be more useful than others in areas that need 
to be put back in production. Ammonium sulfamate, borax—2,4—D 
mixtures, and erbon gave quicker top kills and appear to have an 
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advantage over other chemicals for preventing the production of 
seed by plants that are budding. 


SUMMARY AND CONCLUSIONS 


Three 3-year experiments utilizing 33 combinations of annual 
crops, cultivation, and 2,4—D application and three 3-year experi- 
ments using 44 combinations of perennial forage crops, cultivation, 
and 2,4—D were initiated during the falls of 1950, 1951, and 1952. 
Each experiment was replicated in a randomized block design with 
plots 1 by 5 rods. Weed counts were made each May on 4 one- 
square-yard areas of each plot. The experiments were terminated 
with final counts made during May, 1954, 1955, and 1956. 

One experiment comparing all commercially available soil steri- 
lants at several rates on tivo dates of application was conducted 
each year during 1951, 1952, and 1954 in duplicate 9-foot by 15-foot 
(l% square rod) plots. The later experiments included more chemi- 
cals as they became available. Data on speed of top kill, effect on 
grass, and period of residual activity as well as effect on weeds were 
obtained. 

Numerous chemicals were screened for possible use in the elimi- 
nation of large infestations. Amitrol, 2,3,6-TBA, and silvex were 
applied during the spring, 10 days before plowing and planting corn. 
They were also applied in grain stubble 10 days before plowing. 
In some cases 2,4—D was also applied in the crop. 

The following conclusions can be drawn: 

1. Leafy spurge stands can be materially reduced by use of the 
proper combination of competitive crop, cultivation, and 

2,4-D. 

2. Leafy spurge reacts to small amounts of 2,4—D but is not 
killed by much larger amounts. Ester forms cause much 
greater reaction than amine forms. 

3. Leafy spurge can be eliminated with less than 2 years ol 
intensive cultivation. Operations need not be performed 
oftener than every 3 weeks if a duckfoot cultivator is operated 
at a depth of 4 inches. 

4. Spring-seeded small grains do not compete favorably with 
leafy spurge. However, grain sprayed with 2,4—-D prevents 
spurge stands from becoming denser. 

5. Sudangrass and buckwheat, where adapted, materially reduce 
the stand of leafy spurge when the seeding is preceded by three 
cultivations and harvest is followed by plowing. 

6. Alfalfa does not compete favorably with spurge unless a 

heavier than normal stand of alfalfa is obtained. 

Bromegrass sprayed with 2,4—D slowly reduces the stand of 

leafy spurge. It is more effective when fall seeding is preceded 

by a short season of intensive cultivation. 

8. Several soil sterilants can be used to eliminate small patches 
of leafy spurge. 

9. Amitro] and 2,3,6-TBA show great promise for use in elimi- 
nating large infestations of leafy spurge. Rates with little 
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residual effect are effective when their appliaction is followed 
10 days later with plowing. 

Although leafy spurge is affected by methods that have proved 
to be successful for eliminating field bindweed, leafy spurge 
is more difficult to eliminate. This is partially due to early 
emergence, early growth, and rank growth. 
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Chemical Control of Typha angustifolia L. var. brownii 
E. Levi' 


A.—FACTORS IN THE CONTROL By 2,4—D 
INTRODUCTION 


Ero angustifolia L. var. brownitt (Kunth) Kronf., known as 
cumbungi in Australia and narrow leaved cattail in the U. S. A., 
is a deep rooted perennial widely distributed throughout the world. 
It occurs naturally in swamps and marshy areas and also in irri- 
gation channels, where it may seriously impede the flow of water 
during the irrigation season. Various mechanical methods of control 
have beeen devised; the most successful consists of regular cutting 
and subsequent maintenance of 15 to 18 inches of water above the 
cut stalks (11). This method was successfully employed in the Mur- 
rumbidgee Irrigation Area of New South Wales for many years, but 
recently has been virtually discarded because of rising labour costs. 

The work reported here is part of a study commenced in 1952 in 
the Murrumbidgee Irrigation Area of New South Wales. The prin- 
cipal objectives of the investigation were to determine whether 2,4— 
dichlorophenoxyacetic acid (2,4—-D) could replace cutting as a 
method of controlling Typha and to elucidate the factors governing 
its effectiveness. 


MATERIALS AND METHODS 


Solutions or emulsions of a range of 2,4—-D formulations were 
applied by means of a modified pneumatic sprayer delivering liquid 
at a constant pressure of 60 psi. All materials were applied at vol- 
umes of 100 to 150 gpa which were sufficient to completely cover 
the plants. Nozzles used were of the flat fan type delivering 9.1 gph 
at 60 psi. 

All experiments were of randomized block designs with three or 
four replications. Plots in all cases were channel sections 9 feet long 
by 8 feet wide. Typha stands used as experimental areas were long 
established and had not been treated previously with herbicides. 
The general procedure was to burn the dry material in experimental 
channels in the spring, just before irrigation water was released, and 
to apply the treatments when the regrowth was 4 to 5 feet high and 
had 5 to 7 leaves. 

The effect of treatments was assessed by counting or harvesting 
surviving plants in three quadrats, | x 3 feet, in each plot at the end 
of the growing season. Dry plants were burned the following spring 
and counts were repeated in early summer to assess regrowth sub- 
sequent to treatments. Population densities fluctuated seasonally and 
for this reason results are presented as per cent of the controls, i.e., 
the percentage of live plants in treated compared with those in 
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untreated plots at the different sampling times. Significance of dif- 
ferences was tested by analyses of variance, but because the least 
significant differences had to be calculated for each individual treat- 
ment comparison, it was impracticable to show them. 


EXPERIMENTS AND RESULTS 
1. Stage of growth. 

Four concentrations, 3, 6, 12, and 24 Ib/A, of an ethyl ester formu- 
lation of 2,4—-D containing 22 per cent W/W diesel distillate (11 per 
cent aromatics) and 41 per cent W/W anionic emulsifier were 
applied to Typha plants at each of two stages of growth: the 5 to 7 
leaf stage and flowering. These two growth stages were chosen 
because there is evidence that they coincide with minimum and 
rising rhizome reserves, respectively. 





¢ 
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Figure 1. Effect of stage of growth on the response of Typha 
angustifolia to 2,4-D. Regrowth expressed as percent of un 
treated, four months after treatment. Means of three repli- 
cations. 
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Water levels in this experiment fell no lower than 12 inches at 
any time throughout the season. The response curves in relation 
to dosages and stages of growth are shown in Figure 1. 

Figure | shows that the response of Typha to 2,4—-D was greater 
at the 5 to 7 leaf stage than at flowering (P < 0.05). 


2. Formulation. 

The effects of oils of varying phytotoxicities on the penetration 
and translocation of two esters of 2,4—D were investigated by testing 
formulations of 2,4-D containing 22 per cent oil and 41 per cent 
anionic emulsifier. The oils were a relatively nonphytotoxic oil, a 
slowly toxic diesel distillate and a rapidly toxic petroleum naphtha. 
The concentrates were emulsified in water. 

Two of these oils were applied also as water emulsions without 

2,4-D and in amounts oqesvannet to those in the emulsions with 

2,4-D. The two forms of 2,4-D compared were the short chain 
ethyl ester and a long chain polyethylene glycol ester. The latter, 
which is soluble in water, was for purposes of comparison also 
applied as a water solution to which a wetting agent was added. 
The treatments applied and the results obtained are shown in 
Table 1. 


Table 7. Effects of three oils on the herbicidal properties of two esters of 2,4—-D 
applied to Typha angustifolia at the 5 to 7 leaf stage. Means of three reepeioations. 








| 
| Regrowth 4 months after treatment as 
| per cent of untreated 


Treatments . : 
2,4-D, Ib/A 














3.0 | 6.0 eg 12.0 24.0 
Ey 1 ester 2,4-D, in: 
per cent noe-phyrotoxic oil* a, oe oe 24 50 
3 per cent diesel oil>. | 48 30 34 38 
22 per cent petroleum naphtha 66 53 31 53 
Polyethlyene glycol ester 2,4-D, in: 
22 per cent non- 2m-phytotoxic oil*.. “py>. coe ike fo fom | 37 
22 per cent di oilb 83 59 30 54 
22 per cent petroleum naphtha. 91 74 59 68 
Water Cwened 0.1 per cent wetting agent (Multi-| 
pees ; 89 85 63 56 
+ Oil + emulsifier + water in same Proportions as 5 above: | No. 2,4-D 
ig Non- phgsonecie oil*. 111 103 120 95 

7 | Diesel oil> 111 96 93 122 

i *Sp. Gr. 0.77, B.P. 182-282° C, 100 per cent isoparafiinic, f free of aromatics and olefins. 

; bSp. Gr. 0.84, B.P. 235-310° C, 11 per cent aromatics, olefins negligible. 

: Diesel distillate and non-phytotoxic oil applied in emulsions with- 
ug out 2,4—-D had only temporary effects on Typha; there was no effect 
oe below the water line and consequently no inhibition of regrowth 
if! as when 2,4—-D was included. Oils improved the herbicidal prop- 
iy! . ° . : 
a erties of the polyethylene glycol ester. The less rapidly toxic oils 


were more effective as carriers than the highly phytotoxic petroleum 
naphtha. 
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In another experiment the same three oils were used in 10, 20 
and 30 per cent proportion of the concentrates. The ensuing water 
emulsions applied to Typha contained 3, 6, 12, and 24 pounds of 
2,4—-D per acre in the form of the ethyl ester. It was found that the 
herbicidal effectiveness of 2,4-D was influenced significantly (P < 
0.001) by the quantity of petroleum naphtha, but not by the quan- 
tities of the less toxic diesel or white oil used in the emulsions. 
Figure 2 shows that the higher amounts of petroleum naphtha were 
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Figure 2. Effect of different quantities of petroleum naphtha on the herbicidal 
effectiveness of 2,4-D applied at a series of dosage rates to Typha angustifolia. 
Regrowth expressed as percent of untreated. Means of three replications. 


more effective at the lower rates of 2,4—-D and that, at the higher 
dosage levels of 2,4—D, increasing the quantity of naphtha reduced 
herbicidal activity. 


3. Effect of water depth. 

In order to determine whether the effect of 2,4—D was related to 
water levels like that of mechanical cutting, experiments in which 
the levels of water were controlled subsequent to treatment were 
carried out over a four year period. Levels were raised 7 to 15 days 
after 2,4-D treatment and were kept within specified limits for the 
remainder of the season by small dams over which water flowed 
continuously. 





Re 





132 WEEDS a 





Figure 3 shows the effects of water level on the survival of Typha 
plants treated with a range of concentrations of 2,4—-D and also a 
comparison of chemical treatment with mechanical cutting at a 
water level of 3 feet. 
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Figure 3. Effect of water depth on the response of Typha angustifolia to 2,4—D. 
Regrowth expressed as percent of untreated, four months after treatment. 
Means of three replications. 


Both concentration of 2.4-D and depth of water significantly 
affected regrowth but there was no significant interaction between 
the two variables. At a water level of 3 feet, 2,4-D gave results 
similar to those from mechanical cutting. 


DISCUSSION 


Throughout these experiments, 2,4—D, irrespective of formulation, 
produced a similar sequence of symptoms in Typha angustifolia. 
A partial chlorosis with some leaf tip burn was followed by a more 
general chlorosis and later by death of the leaves. In the more 
effective treatments, the plants eventually decayed below water 
level and completely collapsed. The rapidity at which the above 
symptoms poagrenes varied with rate of application. Plants treated 
with 3 pounds of 2,4—-D per acre became chlorotic and often failed 
to flower, but usually the aerial parts of the plant were not killed. 
At the highest rates, the foliage was killed rapidly. 

A herbicide applied to the foliage of perennials such as Typha 
angustifolia must penetrate the leaf cuticle, move into the meso- 
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phyll and migrate from there through the vascular system to roots 
or rhizomes to be effective. The problem is to achieve penetration 
of the cuticle and entry of sufficient amounts of the herbicide with- 
out injuring the tissues severely enough to hinder translocation. 
Penetration of leaves is determined by the nature of the plant cuti- 
cle, by the physicochemical properties of the herbicide and by the 
way in which it is applied. According to various authors (in par- 
ticular 1, 13), the cuticle, which is very permeable in new leaves, 
becomes thicker and less permeable with age. Penetration of 2,4—D 
in mature leaves was shown to improve when growth regulators were 
applied in oil or oil emulsions, and it was claimed that the oil satu- 
rated the lipophyllic capacity of the leaf cuticle and allowed 2,4—D 
to move into the phloem in the aqueous phase (1, 4). 

The results suggest that slowly phytotoxic oils increase the herbi- 
cidal effectiveness of 2,4-D, presumably by aiding penetration of 
the cuticle (Table 1). On the other hand, the evidence suggests that 
when highly toxic oils are used as carriers, enhanced penetration 
of the cuticle is counteracted by rapid killing of plant cells and 
a consequent lesser translocation of the herbicide. These effects 
become more marked with increasing concentration of a highly 
phyt:toxic oil such as petroleum naphtha. 

For similar reasons there is an optimum dosage level for Typha 
control by 2,4—D. At the 5 to 7 leaf stage of growth the dose in a 
diesel oil carrier appears to be between 6 and 12 Ib/A. This is clear 
from the dosage response curves shown in Figures | and 3 and from 
some of the data in Table 1. A similar curvilinear dosage response 
curve was obtained with Cardaria draba L. Desv. (10). It was also 
found that when increasing quantities of 2,4-D were supplied to 
beans, the amount entering the leaves increased but less was trans- 
ported to the epicotyl and hypocotyl (6). All these results suggest 
that applying high rates of 2,4—D to plants may reduce the amount 
moving to the roots. 

The ethyl ester of 2,4—D applied at the 5 to 7 leaf stage was more 
effective than at flowering (Figure 1), thus confirming suggestions 
(2) and previous reports in Australia (3). 

It was evident that height of water level subsequent to treatment 
markedly affected the response of Typha to 2,4—D (Figure 3), which 
explains the contradictory results frequently obtained when water 
levels are uncontrolled and often rather shallow as in drainage 
channels. The results are of particular interest in view of the success- 
ful control of Typha obtained by underwater cutting. 

The rhizomes of Typha contain a high percentage of starch and 
reducing sugars which under aerobic conditions break down to 
carbon dioxide and water (11). Under anaerobic conditions the 
reserve starch is converted to alcohol and organic acids which may 
be toxic to the underground parts of the plant. It was noted that 
the leaf bases of 2,4-D treated plants growing in an anerobic 
environment decomposed rapidly while those similarly treated under 
dry or shallow water conditions remained in a healthy condition. 

The greater effectiveness of 2,4—D under anaerobic conditions, as 
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evidenced by the lesser regrowth of plants in the deeper water, was 
confirmed in a pot experiment. Soil blocks containing Typha plants 
were cut in channels, placed in containers, and the plants subse- 
quently treated with 2,4—-D. The containers were then immersed at 
various depths in water. Examination of roots and rhizomes the 
following spring indicated much greater injury to plants treated 
with 2,4-D and immersed to depths exceeding six inches. 

The results of this series of experiments indicate that 2,4—D or its 
decomposition products move down the stems of treated plants 
below the water line; application of non-phytotoxic oil and diesel 
fuel without 2,4—-D failed to kill plants below the water line. It 
was noted that applying 2,4—-D was roughly equivalent to mechani- 
cal cuting where water levels in both cases were maintained at 3 
feet (Figure 3). These results suggest that there is little or no trans- 
location of 2,4—D from above ground leaves and stems to horizontal 
rhizomes and that the principal advantages of the chemical are its 
ability to move down leaves and stems below the water line and its 
relative ease of application in comparison with cutting. 

On a practical basis, 2,4—D spraying is more economical and rapid 
than hand scything, but more than one application is necessary to 
keep water flowing unimpeded. Results as yet unpublished indi- 
cate that a large degree of control can be expected in supply canals 
kept full when two applications of 2,4—D at 6 Ilb/A are applied the 
same season. 

B.—ConTROL IN DRAINAGE CHANNELS 


INTRODUCTION 


Although water in supply channels is often deep enough to allow 
successful control of Typha angustifolia by 2,4—D spraying, it is 
seldom so in drainage channels in which levels fluctuate. In these 
cases a number of 2,4—-D applications may be required at regular 
intervals during a single watering season. 

Repeated 2,4—-D treatments have greatly reduced or eliminated 
Typha in some channels in the Murray and Murrumbidgee Irriga- 
tion Areas in Australia; however, this was followed by a rapid 
increase in 2,4—D resistant species in the same channels, creating new 
problems, sometimes as troublesome as the ones originally present 
(3). 
A different chemical which could kill plants at least to soil level 
following translocation through the water line, and inhibit or 
delay regrowth of the foliage, was considered of great value in such 
situations. Two non-volatile herbicides, 3—amino—1,2,4—-triazole (ami- 
trol) and 2,2-dichloropropionic acid (dalapon) were reported by 
various authors to translocate in Typha spp and to inhibit growth 
(5, 7, 8, 12). Both these compounds seemed to offer possibilities for 
controlling Typha in drainage channels, especially amitrol, which 
was reputed to interfere with photosynthesis. The latter was of 
particular interest since it was found to kill or effectively inhibit 
the regrowth of water couch (Paspalum distichum L.) for at least 


12 months (9). 
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An experiment comparing the above compounds with an ethyl 

ester of 2,4—D, the effects of which are reported in part A of this 

paper, was laid down along the length of a drainage channel in the 
Murrumbidgee Irrigation Area of New South Wales in 1956. 


METHODS AND MATERIALS 


The experimental design and methods followed those described 
in part A of this paper. Plots were channel sections 9 feet long by 
8 feet wide. Water level varied throughout the experiment from 
0} to 12 inches. Treatments were of randomized block design with 4 
replications, and were applied in the spring when Typha plants 
had reached the 5 to 7 leaf stage. 

The ethyl ester of 2,4-D was applied in an oil-water emulsion 
using a formulation containing 22 per cent diesel oil (11 per cent 
aromatics) and 41 per cent non-ionic emulsifier. Dalapon and ami- 
trol were applied in water to which 0.1 per cent of a wetting agent 
(Multifilm L) was added. Rates of the three chemicals were deter- 
mined by previous experience and no attempt was made to compare 
them on a pound-for-pound basis. The rates used were, on an acid 
equivalent basis; 3, 6, 12, and 24 pounds of 2,4—D per acre; 15, 30, 
and 45 pounds of dalapon (sodium salt) per acre; and 18, 36, and 54 
pounds amitrol per acre. All materials were applied at volumes of 
100 to 150 gpa which were sufficient to completely cover the plants. 
Nozzles used were of the flat fan type delivering 9.1 gph at the 60 
psi pressure adopted in this experiment. 


RESULTS AND Discussion 
The effects of the three herbicides on Typha are shown in Fig- 
ure 4. 


NO OF PLANTS PER SQUARE FOOT 





5 10 15 20 25 30 35 40 45. +50 55 
LB PER ACRE ACTIVE INGREDIENT 


Figure 4. Dosage response curves of Typha angustifolia to ethyl ester of 2,4—-D, 
amitrol and dalapon at 4 months after treatment. Means of four replications. 
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As in previous studies, increasing the concentration of the ethyl 
ester of 2,4-D above 6 pounds per acre, reduced the degree of con- 
trol measured by regrowth 4 months after treatment. The dalapon 
dosage response curve was likewise curvilinear, but the optimum 
dosage was much higher than in the case of 2,4—-D. On the other 
hand, the amitrol curve was almost linear, suggesting a slower 
phytotoxic action and less interference with translocation at high 
rates of application than was obtained with dalapon or oil emulsions 
of 2,4—D in other parts of this experiment. 

The breakdown of the leaves and stems of the treated plants was 
faster and the inhibition of regrowth was of shorter duration in the 
plots treated with the ethyl ester of 2,4—D than in those treated with 
either amitrol or dalapon at the rates used. While regrowth was 
normal following 2,4—D applications, it showed leaf rolling and 
stunting in plots treated with dalapon. The leaves of amitrol treated 
plants were killed slowly and there was little regrowth. 

The populations of Typha on different plots 11 and 15 months 
after treatment are given in Table 2. 


Table 2. Effect of single applications of ethyl ester of 2,4-D, amitrol and dalapon 
when applied to 7 pha angustifolia at the 5 to 7 leaf stage, growing in a drainage 
channel. Means of four replications. 





| Plants surviving 


Herbicide Rate of 2m, 11 months later 15 months later 
d : , 
No. sq. ft. | Per cent No. sq. ft Per cent 
| of untreated of untreated 
Amitrol > | 18 0.4 4 1.4 12 
36 0.2 2 0.4 3 
54 0.1 1 0.0 
Dalapon... 15 3.3 35 2.3 19 
} 30 1.3 14 0.6 5 
45 2.5 26 1.3 11 
2.4-D, ethyl ester... .| 3 9.1 96 9.6 5 
6 4.0 42 5.9 52 
12 8.7 92 5.4 48 
24 5.9 62 5.3 47 
9.5 100 11.3 100 


Untreated 


15 months after treatment, plants present on the amitrol treated 
plots were mostly seedlings. The very high kill in those plots could 
be due to damages suffered through anaerobic breakdown of rhi- 
zomes of the plants originally present, as suggested for the 2,4—D 
treated Typha, and to a greater depletion of reserves which might 
have occurred here through the action of amitrol on the metabolism 
of the plants. 

Typha population, 15 months after treatment with a single spring 
application of an ethyl ester of 2,4-D was beginning to recover 
and the degree of control on those plots was smaller than on those 
treated with dalapon and amitrol. 

The results establish the efficacy of amitrol and dalapon, in spring 
applications, for controlling Typha, and their possible advantages 
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over 2,4—D in specific situations such as drainage channels in which 
water levels are variable, or in areas where although water level can 
be kept high, 2,4—D treatments are hazardous because of the prox- 
imity of sensitive crops. 

An added advantage of amitrol is its ability to control other semi 
aquatic weeds which often become troublesome in channels after 
Typha has been killed. It offers great possibilities for the simultane- 
ous control of water couch (Paspalum distichum), sedge (Cyperus 
esculentus), dirty Dora (C. rotundus), jointed rush (Juncus articu- 
latus) etc. which are often present in association with Typha plants, 
or on the channel banks surrounding the infestations. Although 
fairly high rates of amitrol are required, the elimination of these 
weeds would obviously reduce the frequency of channel cleaning 
operations. 

SUMMARY 

The ethyl ester of 2,4—dichlorophenoxyacetic acid (2,4—D), applied 
at a rate of 6 Ib/A (acid equivalent) in an emulsion containing 22 
per cent non-phytotoxic oil gave good control of Typha angustifolia 
(cumbungi or cattail) in irrigation channels. The effectiveness of 
2,4—D was enhanced when applied at the 5 to 7 leaf stage of growth 
and when water levels were maintained at a depth of 3 feet subse- 
quent to treatment. The results suggest that 2,4—D acts as a chemical 
cutter and that the subsequent inhibition of regrowth from Typha 
rhizomes is due to anaerobic conditions under deep water. 

In drainage channels, high rates of 3—amino—1,2,4—triazole (ami- 
trol) and 2,2-dichloropropionic acid (dalapon) applied in water 
solution proved very satisfactory for the control of Typha plants 
growing under conditions of fluctuating water levels. Amitrol gave 
complete control of Typha for at least 15 months after application. 
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News and Notes 





The 50th State is right up there in weed control activities. The 
Hawaii Weed Conference was established in 1954. It is made up of 
four sections, one on each of the islands of Hawaii, Kauai, Maui, 
and Oahu. An individual comes in to the Conference as a member of 
the section on the island where he lives. There are about 250 people 
who maintain an active interest in the Hawaii Weed Conference. 

Meetings were held during August 24 to 31, 1959, on each of the 
four islands. Field trips were held during the day, followed by dinne 
in the evening. The speakers at each of the dinners were Dr. H. 
Wayne Hilton of the Hawaiian Sugar Planters Association Experi- 
ment Station, and Mr. Clayton E. Bartley of Geigy Agricultural 
Chemicals. On the “big island”, Hawaii, two additional days of field 
trips were held. 
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